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Abstract

An im,estigation was conducted in the static test facility of the

Langley I6-Foot Transonie Tunnel to evaluate the internal perfor-

mmtee of a nonaxisymmetric eonvergent-divewent nozzle designed to

have simultaneous pitch and yaw thrust-vectoring capability. This co_t-

eept utilized diverycnt flap deflection for thrust vectoring in the pitch

plane and .flow-turning deflectors installed within the divergent flaps for

yaw thru.st _,ectoring. Modifl'cations eonsisting of reducing the: side-

wall length and deflectivg the sidewall outboard were investigated as

means to increase yaw-ve, ctorirtg peTformance. This investigation stud-

led the effects of multiw, ris (pitch aT_d yaw) thrust vectoring on noz-

zle internal perforntanee characteristics. All tests wcrr conducted with

no efter'nal flow, amt _tozzle pressure_ ratio was varied fTw1_ 2.0 to

apprvximately 13. O.

The results iTtdieate that this nozzle concept can sucees,@dly gem_rate

muItiaxi.s thrust veetoring. De.fleetion of the divergent flaps produced

resultant pitch vector angles that, although dependent on nozzle pressure

ratio, were nearly equal to the geometric pitch vector anglr. Losses in

rrsultant thrust due to pitch vectorirtg were small or _tegligible. The

!law dqflectors produced resulta, nt yaw vector angles up to 21 + that were

eontrvIlable bg varying !taw dqflector rotation. However, yaw deJte'.ctor

rotation re,salted in ,sign_fiea,_t losses in thrust ratios amt. in ,some case,s.

nozzle discharge eoeJfieient. Either of the sidewall modifications generallg
reduced these losses and increased maximum resultant yaw vector m_gle.

During multia:ris (simultanrous pitch a_d yaw) thrust t_(ctorirtg, little or

no (:ross coupling between the th'rust-'vectoviw] processes wa,s observed.

Introduction

Mission requirements for the next generation
multirole fighter may necessitate aircraft cal)able of

operating over a t)roader range of flight conditions

than i>reviously thought p<)ssible. Typical mission
scenarios in the future may require aircraft to oper-

ate fronl short fields or t)omb-damaged nmways, to

cruise supersonically, and to have increased levels of

maneuverability at transonic and supersonic speeds.
To survive air combat engagenmnts, aircraft will re-

quire improved handling qualities at high angles of

attack, including brief excurskms into the poststall

region. Several investigations have shown that sig-
nificant advantage_s arc gained in air (:olnbal with the

ability to perform transient maneuvers at low speeds

and high angles of attack. (See refs. 1 to 3.) However,

maneuverability at high angles of attack can be lim-
ited l)ecause of degraded stability characteristics and

inadequate aerodynamic coiltrol power.

Techniques for t)rodueiIlg large control forces and

moments by redirecting the engine exhaust flow

(thrust vectoring) have been extensively investi-

gated over the past 13 years at the NASA Langley
Research Center (ref. 4). Thrust vectoring provides

large control moments that art' in(tet)endenl of an-

gle of attack t)y producing a component of thrust

perl)endicular to the body longitudinal axis. In an
attempt to provide thrust-w'eloring capability with

minimum adverse impact on nozzh" and aircraft per-

forlllance, malty vectoring concepts have })ceil COll-

sidered (refs. 4 to 13). In particular, both axi-

sylHHtetric alld nollaxisvlttlttet.ric nozzles have I)eeIl
studied. These studies have emphasized non-

axisymmetric nozzles because their geometry t)eI'-
mits more versatility of vectoring methods, in-

eluding divergent flap dettection, sidewall variable

geometry_ t)locker doors, plug vectoring, or postexit

ValleS. NoIlaxisylllllletric ve(:torillg llozzles havc al-

lllOSI exclusively utilized divergent flap deflccIion to

achieve pitch thrust vectoring. This is because of the

high flow-turning capability and low resultant thrust
losses that have been measured during ext)criInental

investigations of this pitch-vectoring conecI)l (ref. 4).

Early investigations of lhrust-vectoring nozz]es were



limitedto pitchvectoringonly;however,recentstud-
ieshavefocusedon multiaxisthrust-vectoringnoz-
zles.Resultsshowthat, in somecases,performance
in oneof thevectoringdirectionsiscompromisedby
thedevicesneededto providevectoringin theother
direction.Forinstance,physicalinterferencebetween
pitch-andyaw-vectoringdevicescanlimit therange
ofavailablemultiaxisvectorangles.In anattemptto
alleviatetheseproblems,amultiaxisthrust-vectoring
nozzlewasdesignedto vectortheflowinpitchbyde-
flectionofthedivergentflapsandinyawbydeflection
of flowdeflectorsinstalledwithin thedivergentflaps.

To evaluatethe internal performanceof this
multiaadsthrust-vectoringnozzle,an investigation
wasconductedat static (wind-off)conditionsin the
statictest facilityof the Langley16-FootTransonic
Tunnel. The modelgeometricparametersinvesti-
gatedwerepitchvectorangle,yawvectorangle,side-
walllength,sidewalldeflection,andnozzleexpansion
ratio.High-pressureair wasusedto simulatethejet
exhaustflowat nozzlepressureratiosfrom 2.0to
approximately13.0.

Symbols

All forces and moments (with the exception of
resultant thrust) are referred to the model center-

line (body axis). The model (balance) moment
reference center was located at station 29.39. A

discussion of the data reduction procedure and def-
initions of the force and moment terms and the

propulsion relationships used herein can be found in
reference 14.

A_

At

b

F

Fi

F_

F_

F_

nozzle exit area, in 2

nozzle throat area, in 2

total length of nozzle from attach-

ment face to exit (see fig. 3(a)), in.

total length of nozzle sidewall (see
fig. 5(a)), in.

measured thrust along body axis,

positive in forward direction, lbf

ideal isentropic gross thrust, lbf,

/RjTt,j [1 (-_-1)/_]

measured normal force, lbf

resultant thrust, lbf, 7F 2 + F 2 + F_

measured side force, positive to

right when looking upstream, lbf

g

h

Lf

NPR

NPR d

P

Pa

Pt ,j

Rj

_,j

wi

Wp

"tL,t

X_

X

?

_defl

_p

(Sv,p

acceleration due to gravity,

32.174 ft/sec 2

height of nozzle exit (see fig. 3(a)),
in.

length of divergent flap (see
fig. 3(a)), in.

nozzle pressure ratio,
Pa

design nozzle pressure ratio (NPR
for fully expanded flow at nozzle

exit)

local static pressure, psi

ambient pressure, psi

average jet total pressure, psi

gas constant (for 7 = 1.3997),

1716 ft2/sec2-°R

jet total temperature, °R

ideal isentropic weight-flow

rate (for NPR > 1.89), lbf/sec,

Atpt,j _

measured weight-flow rate, lbf/sec

nominal nozzle throat width, 4.0 in.

linear nozzle dimension measured

along centerline from throat to tip
of sidewall (see fig. 3(a))i in.

linear nozzle dimension measured

along centerline from throat to exit,
used to define location of static

pressure taps (see fig. 6), in.

lateral distance measured from

model centerline, positive to right
when looking upstream, used to

define location of static pressure
taps (see fig. 6(a)), in.

ratio of specific heats 1.3997 for air

deflector rotation angle as viewed

along deflector hingeline (see
fig. 4(b)), deg

resultant pitch thrust vector angle,

measured from nozzle centerline,
positive deflection downward,
tan -1 (Fn/F), deg

geometric vector angle in pitch

plane, measured from centcrline,

positive deflection downward, deg
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Abbreviations:
C-D
Sta.

resultantyawthrustvectorangle,
measuredfromnozzlecenterline,
positivedeflectionto left when
lookingupstream,tan-1 (Fs/F),
deg
sidewalldeflectionangle(sec
fig.5(b)),(leg

convergent-divergent

model station, in.

Test Facility

This investigation was conducted in the static

test facility of the Langley 16-Foot Transonic Tunnel.

Testing is conducted in a large room where the jet

from a single-engine propulsion simulation system
exhausts to the atmosphere through an acoustically

treated exhaust pa_ssage. A control room is remotely
located from the test room, and a closed-circuit
television is used to observe the model when tile

jet is operating. Tile static test facility has an air
control systein that is similar to that of the 16-Foot
Transonic 25mnel and includes valving, filters, and a

heat exchanger to maintain the jet flow at a constant

stagnation temperature. The air system utilizes the
same clean, dry air supply as that used by the

16-Foot Transonic _mnel (ref. 15).

Single-Engine Propulsion Simulation

System

A cutaway sketch of the single-engine propulsion

simulation system on which various nozzle configura-
tions were tested is presented in figure 1. The propul-

sion simulation system is shown with a typical nozzle

configuration installed.

An external high-pressure air system supplies the

propulsion simulation system with a continuous flow
of clean, dry air at a constant stagnation tempera-
ture of about 540°R. This high-pressure air was var-

ied during the jet sinmlation up to about 190 psi in
tile nozzle. As shown in figure 1, the high-pressure air

was brought by six air lines through a support strut
into an annular high-pressure plemHn. The air was

then discharged radially into a low-pressure plenum

through eight equally spaced, nmltiholed sonic noz-

zles. This flow transfer system was designed to min-

imize any forces imposed by tile transfer of axial
momentum as the air is passed from the nonmetrie

high-pressure plenum to the metric (attached to the
balance) low-pressure plenum. Two flexible metal
bellows act a_s seals between the nonmetric and met-

ric portions of the model and compensate for axial

forces caused by pressurization. The air then passed

through a circular-to-rectangular transition section,
a rectangular choke plate (primarily used for flow

straightening), a rectangular instrumentation sec-

tion, and then through tile nozzle, which exhausts

to atmospheric pressure. Tile instrumentation sec-
tion had a ratio of flow path width to height of 1.437

and was identical in geometry to the nozzle airflow

entrance (nozzle connect station). All nozzle config-
urations tested were attached to the instrmnentation

section at model station 41.13.

Nozzle Design and Models

Nozzle Concept

The nonaxisynunetric convergent-divergent (C-D)

nozzle was designed to vector the flow in pitch by si-
multaneous deflection of divergent flaps and in yaw"

by deflection of flat flow deflectors from the inner
surface of the divergent flaps. The goal of the de-

sign was to add efficient yaw-vectoring capability to

a pitch-vectoring nonaxisymmetric C-D nozzle while
minimizing the effect of one vectoring nmchanism on
the other. The basic nozzle components consist of

symmetric pairs (upper and lower) of convergent and

divergent flaps and flat (internally) sidewalls to con-
tain the exhaust flow in the lateral direction. Both

nozzle convergent flaps pivot at tile same model sta-

tion (upstream of the throat) to allow changes in the
throat area At. The divergent flaps pivot about a

hingeline at the nozzle throat to allow variation of
both the exit area Ae and the geometric pitch thrust

vector angle 5v,p. Two yaw deflectors are located in
each divergent flap (one on the left side and one on

the right) and arc stowed flat against the flap when

no yaw thrust vectoring is desired. Each deflector is

hinged along a line across the flow path that runs
from the sidewall at the throat to the nozzle center-

line near the exit. To produce yaw vectoring, the de-

flectors are deployed in pairs, one in tile upper flap

and one in the lower flap, on the same side of the

nozzle. The angle of rotation of tile deflectors _Sdefl
can be varied from 0 ° to 90 ° (relative to the divergent

flap) to give a range of yaw vector angles 5y.

Nozzle Models

A model of this nozzle concept was built and

is shown in the photographs of figure 2 and in the

sketches of figures 3 through 6. The nozzle model at-
tached to the propulsion simulation system at model
station 41.13 and had a constant flow path width

of 4.0 in. Parametric nozzle geometry changes were

made by combining various interchangeable upper
and lower flaps, sidewalls, and yaw deflectors. Tile
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specificationsfor eachnozzleconfigurationtested
duringthis investigationarepresentedin table1.

Themodelconsistedof baseline(unvectored)1.8
and 2.3expansionratio At�At nozzles with corre-

spomting design nozzle pressure ratios NPR d of 8.8

and 13.6, respectively. The nozzles were designed

with cutback sidewalls that were 70 percent

(Xs/Lf = 0.70) of the divergent flap length. A geo-

metric pitch thrust vector angle 5v,p of 20 ° was tested
for the 1.8 expansion ratio nozzle to study noz-

zle performance during multiaxis thrust vectoring.
Since the pitch thrust-vectoring capability of non-

axisymmetric C-D nozzles has been extensively stud-

ied in previous investigations (refs. 7 and 8), only a
brief study of pitch vectoring was undertaken in the

current investigation.

Yaw-vectoring performance was extensively stud-

ied during this investigation. Because of the sym-
metry of the nozzle, yaw thrust vectoring was only

investigated in the positiw_" (to the left, looking up-
stream) 5y direction. The nozzle was tested with

yaw deflectors positioned at hingeline angles (tile an-

gle between the hingeline and the sidewall) of 27 °

and 34 °. For each hingeline angle, a set of defectors

was designed that would completely block the right
side of the 1.8 expansion ratio nozzle. The result

was a set of tall deflectors along the 34 ° hingeline

and a set of medium deflectors along the 27 ° hinge-

line. To investigate the effect of deflector height on
yaw-vectoring performance, an additional set of de-

flectors was designed. This set of deflectors, arbitrar-
ily placed at the 34 ° hingeline angle, was the shortest

of the three and was designed to completely block the

right side of a 1.3 expansion ratio nozzle. The fact

that each deflector was designed for flfll blockage at
a different geometric condition resulted in the dif-

ferences in geometry between each deflector height.

Deflector rotation angles tested were 0°, 30 °, 45 °,

60 °, and 90 ° for the short deflectors and 0°, 30 °,

60 ° , and 90 ° for the medium and tall deflectors. Fig-
ure 4 contains specifications of the yaw deflectors and

shows their installation in the divergent flaps. In fig-
ure 4(a), dark shading represents the portion of the

yaw deflectors that comes in contact with the exhaust

flow (wetted surfaces), while light shading represents

portions of the yaw deflectors that do not contact the.

exhaust flow (nonwetted surfaces).

Modifications to the nozzle sidewalls were inves-

tigated as means to provide exhaust flow relief and

increase yaw-vectoring performance. The first modi-

fication consisted of increasing tile cutback on the left.

and right sidewalls by' reducing the sidewall length

from 70 percent to 55 percent of the divergent flap

length. The second modification consisted of hinging

tile 70-percent sidewall at the throat and deflecting it
outboard during yaw vectoring. For the 55-percent

sidewall, it was hypothesized during the model de-

sign phase that the cutback would provide enough ex-
haust flow relief during yaw vectoring that outboard
deflection of the sidewall would not be needed. The

right sidewall remained at 0° at all times during this

investigation. Sidewall cutback, deflector hingeline
angle, and deflector height each represent a different

nozzle design. All other model parameters investi-

gated (At�At, 6deft, 0, and 5v,p) represent geometric
variations that would be obtained on actual full-scale

hardware through variable geometry.

Instrumentation

The weight-flow rate of high-pressure air to the

nozzle was calculated from pressure and t.empera_

ture measurements in a calibrated venturi system
upstream of the high-pressure plenum. This venturi
system is the standard high-pressure airflow measure-

ment system in the static test facility. Forces and

moments were measured by a six-component strain-
gauge balance located on the nozzle centerline. ,Jet.

total pressure was measured at a fixed station in the

instrumentation section by means of a four-probe

rake through the upper surface, a three-probe rake

from the side, and a three-probe rake through the
corner. (See fig. 1.) An iron-constantan thermo-

couple was positioned in the instrumentation section

to measure the jet total temperature.

Internal (jet flow) static pressure distributions

were measured for selected model configurations.
Static pressure orifice locations on tile model are

shown in figure 6. Three rows of internal static pres-

sure orifices were located on the upper and lower flaps
(fig. 6(a)), and one row was located on each sidewall

(_g. 6(b)).

Data Reduction

Each data point is the average steady-state value
computed from 50 frames of data taken at a rate
of 10 frames per second. All data were taken in as-

cending order ofpt,j. With the exception of resultant
thrust F,., all data in this report are referenced to the

model centcrlinc (x-axis). Five basic nozzle internal
performance parameters are used in the presentation

of results; they are internal thrust ratio F/Fi, resul-

tant thrust ratio Fr/Fi, discharge coefficient wp/wi,

and two resultant thrust vector angles: @ for pitch
and 5.tj for yaw. A detailed description of the pro-

cedures used for data reduction in this investigation
can be found in reference 14.

The internal thrust ratio F/Fi is the ratio of the
measured nozzle thrust along the body axis to the
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idealnozzlethrust. Idealthrust Fi is based oil mea-

sured weight fow wp, jet total pressure Pt,j, atzd

jet total temperature Ttj. (See the section "Sym-
bols".) Tize balance axial-force measurement, from
which tile measured nozzle thrust F is subsequently

obtained, is initially corrected for model weight tares

and balance component interactions. Although the

bellows arrangement in the air pressurization sys-

tem was designed to mininfize forces on the balance

caused by pressurization, small bellows tares on the

six-conlponent balance still exist. These tares result

from a small pressure difference between the ends of
the bellows when air system internal velocities are

high and from small differences ill the spring con-
stant of tim forward and aft bellows when tile bellows

are pressurized. These bellows tares were determined

by rmming Stratford choke calibration nozzles with
known performance over a range of expected internal

pressure and external forces and monlents. Tile re-

suiting tares were then applied to tile six-component
balance data obtained during the current investiga-
tion. Balance axial force obtained in this manner is

a direct measure, nmnt of the thrust along tile body

axis. The proc(_dure for comt)uting the bellows tares
is discussed in (letail in reference 14.

The resultant thrust ratio l_)./Fi is the resul-

tant thrust divided by tile ideal isentrot)ic thrust.
Resultant thrust is ot)taine(t from tile, ineasured ax-

ial, normal, and side components of the jet resultant
force. From tile defiifitions of F and Fr, it is obvi-

ous that the thrust along the body axis F includes a
reduction in thrust tilat results from turning tile ex-

haust vector away from the axial (tirection, whereas
the resultant thrust Fr does not. Losses inchlded

in both terms are the result of friction and pressure

drags associated with the vectoring hardware anti
any changes in nozzle internal geometry associated
witll the hardware.

The nozzle discharge coefficient w_/wi is tile ra-
tio of measured weight-flow rate from ut)streanl ven-

turi measurements to ideal weight-flow rate, which is

calculated from total-pressure and total-temperature
measurements an(t the nozzle throat area. Nozzle

throat area At is the measured geometric minimmn

area in the nozzle. This discharge coefficient is a mea-

sure of the nozzle efficiency in passing weight flow.

The discharge coefficient is reduced t)y any momen-
tum and vena contracta h)sses (effective throat area

less than At).

The resultant thrust vector angles bp anti 5_j are

effective angles at which the thrust-vectoring mecha-
nism turns the exilaust flow from tile axial direction.

As indieate(t in the section "Symbols," determination

of these angles requires tile measurement of axial,

normal, and side forces on the model.

Presentation of Results

The results of this investigation are presented in both tabular form and ph)tted form. Tat)le 1 is a description

of the too(tel configurations tested. Tile basic nozzle internal performance (tara for each eonfiguration of this

investigation are presente(t in table 2. Nozzle internal static pressure ratios P/Pt,j are given in tal)les 3 to 38

for selected model configurations. Pressure data were not recorded during testing for configurations 7, 17, 24,

32, and 37. Dashed lines ill I)lots of nozzle internal static pressure ratios represent either suspected separated

flow data or possible curve fairings through missing data points. During discussion of results, comparisons of

nozzle internal performance are made in terms of t)ercentage change fi'om isentropic conditions.

Coml)arison and summary plots for selected configurations are presented in figures 7 to 19 as folh)ws:

Figure

Baseline (mlvectore(t) nozzle performance with X_/Lf = 0.70 showing

Static performance characteristics ............................... 7

Inte.rnal static pressure distributions .............................. 8

Yaw-vectoring performance with 5_,p = 0° showing

Effect of deflector angle on nozzle performance. At�At = 1.8; X.s/Lf = 0.70; 0 = 0 ° ......... 9

Effect of deflector angle on static pressure distributions. A_/At = 1.8; X_/Lf = 0.70; 0 - 0 ° .... 10

Effect of deflector height on nozzle t)erformance. At�At = 1.8; X_/Lf = 0.70; 0 - 0 ° . ...... 11

Effect of expansion ratio Oil nozzle performance. Xs/Lf = 0.70; 0 = 0° ............. 12

Effect of sidewall modifications on nozzle performance. A,./At = 1.8 ............... 13

Effect of NPR on static pressure distributions. A_:/At = 1.8; X.s/Lf = 0.70; 0 = 0°; t6dett = 0 ° .... 14

Effect of sidewall modifications on static pressure distributions. A,./At - 1.8 ........... 15



Pitch-vectoringperformancewith Ae/At = 1.8, Xs/Lf = 0.70, 5dett = 0°, and 0 = 0 ° showing--

Effect of pitch vectoring on nozzle performance ........................ 16

Effect of pitch vectoring on static pressure distributions .................... 17

Multiaxis thrust-vectoring performance with Ae/At = 1.8 and Xs/Lf = 0.70 showing
Effect of pitch vectoring on yaw-vectoring performance. _defl = 45°; 0 -- 0 ° ............ 18

Effect of yaw vectoring on pitch-vectoring performance. 6v,p = 20 ° ............... 19

Results and Discussion

Baseline Nozzle Performance

The internal performance characteristics of the

baseline nozzles (Ae/At = 1.8 and 2.3) are presented

in figure 7. The internal thrust ratio F/Fi, resultant

thrust ratio Fr/Fi, discharge coefficient Wp/Wi, resul-

tant pitch vector angle _p, and resultant yaw vector

angle _y are shown as a function of nozzle pressure
ratio. The 1.8 expansion ratio nozzle produced peak

internal thrust ratios of approximately 0.99 near the

design nozzle pressure ratio (NPR d = 8.8). Thrust
losses at nozzle pressure ratios below and above

NPR d are associated with nozzle overexpansion and

underexpansion, respectively. Unfortunately, be-
cause of model balance limitations, the design noz-

zle pressure ratio (NPR d = 13.6) was not reached

for the 2.3 expansion ratio nozzle. However, based
on previous studies of nonaxisymmetric convergent-

divergent nozzles, it is expected that any differences

in peak internal thrust ratio between the 1.8 and 2.3

expansion ratio nozzles would be small (ref. 7). There
was no significant effect of nozzle expansion ratio

on discharge coefficient. In a convergent-divergent

nozzle, discharge coefficient is a function of nozzle
geometry upstream of, and at, the nozzle throat.

Any changes in nozzle geometry downstream of the

throat, such as varying exit area Ae to vary expan-
sion ratio Ae/At, would not be expected to affect

discharge coefficient.

In general, the basic data show trends that
are consistent with previous studies of C-D nozzles

(refs. 7 to 13). One trend is the occurrence of two

distinct local peaks in the performance curves (F/Fi

and Fr/Fi) of high-expansion-ratio nozzles; one oc-
curs at high NPR and one occurs at low NPR. (See

fig. 7.) The peak at high NPR occurs near the de-
sign nozzle pressure ratio where the exhaust nozzle

is operating at optimum (fully expanded at the noz-
zle exit) conditions. The other peak occurs at low

NPR where separation of the internal exhaust flow

probably occurs in the divergent section of the noz-
zle. Consequently, multiple peaks in the performance

curves are usually only seen for high-expansio_t-ratio

nozzles, which, because of the large divergence angle,
are the most susceptible to separation. Exhaust flow

separation from nozzle divergent flaps often produces

locally higher thrust ratio performance at static con-

ditions than at forward speeds by providing a lower
effective nozzle expansion ratio. It should be noted

that this beneficial effect may not exist at forward

speeds where the external flow could aspirate the

separated portion of tile divergent flaps, causing in-

creased drag and reduced thrust minus drag. If ex-
haust flow separation indeed increases thrust ratio,

then exhaust flow reattachment to the divergent flap

would decrease thrust ratio and produce the local

peak in the performance curves that occurs for the

high-expansion-ratio nozzle in figure 7. Similar re-
sults are documented in reference 9, where separation

caused multiple peaks in the performance curves of

a high-expansion-ratio nozzle.

During nonveetoring conditions (_v,p = 0 ° and
_defl = 0°), it would be expected that values of re-

sultant pitch (@) and yaw (_y) thrust vector angle
would be zero. However, at low NPR resultant pitch

vector angles of as much as 10° were recorded for

the 2.3 expansion ratio nozzle. The variation in @
for the high-expansion-ratio nozzle is at nozzle pres-

sure ratios in the same range as the performance peak

discussed previously, where flow separation on the di-
vergent flaps probably occurred. The separation is

obviously asymmetric from the top flap to bottom

flap in order to produce nonzero values of @.

The effects of nozzle pressure ratio on the inter-

nal static pressure distributions of the baseline noz-

zles are presented in figures 8(a), (b), and (c) for
nozzle pressure ratios of 2.0, 4.0, and 6.0, respec-

tively. Although the pressure instrumentation in-

side the nozzle was sparse, it appears that the actual

nozzle throat (sonic condition at P/Pt,j = 0.528) is
downstream of the nozzle geometric throat (x = 0).
This is most likely the result of a local flow separa-

tion bubble that forms just aft of the nozzle throat
and reduces the effective throat area. For a nozzle

pressure ratio of 2.0 (fig. 8(a)), increasing the nozzle

expansion ratio increased flow separation along the

divergent flap. The increase in separation at condi-
tions below the design nozzle pressure ratio increased

local static pressures in the separated region and ef-
fectively decreased the nozzle expansion ratio. This

6



increasesthrustefficiencyandresultsina localpeak
in tile performancecurvesof the 2.3expansionra-
tio nozzle,asdiscussedpreviously.At highernozzle
pressureratios (figs.8(b) and(c)), flowseparation
haseithermoveddownstreamofthe laststaticpres-
suretap or hasbeeneliminatedcompletelyin the
nozzle.Thisbehaviorof theactualnozzlethroat is
consistentwith previousstudiesof nonaxisymmetric
C-Dnozzles(ref.7).

Yaw-Vectoring Performance

Theeffectofdeflectorrotationangle6defl onnoz-
zle internalperformancecharacteristics is shown in

figures 9(a), (b), and (c) for nozzles with short,
medium, and tall deflectors, respectively. Depending

on 6d(_fl and configuration, rotation of the yaw deflec-
tors produced resultant yaw vector angles up to 21 °

that were controllable by varying yaw deflector ro-

tation. Assuming the yawing moments produced on
an aircraft by these devices would be proportional to

yaw vector angle and throttle setting, this observa-

tion indicates that the yaw deflectors could be used
as an effective aircraft control.

Yaw deflector rotation generally resulted in sig-

nificant losses in both internal thrust ratio F/Fi and

resultant thrust ratio Fr/Fi. The losses experienced

in F/Fi were expected, since a portion of the ex-
haust flow is turned away from the axial direction

by the yaw deflectors. The losses in Fr/Fi are a di-

rect result of deploying tim yaw deflectors into the

supersonic jet-exhaust flow. Previous studies have
shown that supersonic flow turning is an inefficient

process because of oblique shocks that are formed in

the divergent section of the nozzle (ref. 10). It is im-

portant to note that tim magnitude of these turning
losses did not always increase with increasing 6(h_fl.
In fact, at low NPR, the deflectors deployed at 90 °

provided higher resultant thrust ratios than the de-

flectors at 60 °. (Sec figs. 9(b) and (c), for exam-
ple.) Two possible explanations exist for this be-

havior. First, as 6deft is increased to higher values,
the nozzle throat starts to shift downstream in the

nozzle. This effect can be noted in the pressure dis-

tributions of figure 10. Simultaneously, blockage by
the deflectors near the nozzle exit creates a lower ef-

fective exit area. The net effect of these phenomena
is a lower effective expansion ratio and a lower effec-

tive NPRd for the higher values of 6d(,fl. Thus, over-

expansion losses are reduced at lower NPR, and

underexpansion losses are increased at higher NPR,

resulting in a shift in the peak Fr/Fi value to a lower
NPR. Second, as the throat shifts downstream, the

deflectors are operating in a larger region of sub-

sonic flow, resulting in smaller supersonic flow turn-

ing losses. For the medium deflector, the throat is

shifted only for the bdefl = 90° configuration. (See

fig. 10(a).) This shift is substantiated by the change
in discharge coefficient.. Peak Fr/Fi for this config-

uration occurs at NPR = 4.0, which would indicate

an effective expansion ratio for this configuration of
about 1.2 rather than 1.8. For the tall deflector,

the throat is shifted for the _dcfl = 60° and 90 ° con-

figurations. (See fig. 10(b).) The throat is shifted
beyond the last pressure orifice for the _defl = 90o

configuration and may well be shifted all the way
to the nozzle exit. A shift of this magnitude would

change tile nozzle from a C-D nozzle to a convergent

(Ae/At = 1.0) nozzle. Shifts in the throat location,
especially for the _defl = 90° configuration, are again

indicated by the discharge coefficient data. (See

fig. 9(c).) The 5defl = 60° configuration has Fr/Fi
trends similar to a single expansion ramp nozzle

(ref. 11) in that it appears to have two F,./Fi per-
formance peaks. The first performance peak occurs
at NPR = 3.0, which indicates an effective expansion

ratio of about 1.090. The bdefl = 90° configuration

has an Fr/F i peak at about NPR = 2.0, which in-
dicates an effective expansion ratio of about 1.002;

this is only slightly higher than that for a conver-

gent nozzle (At�At = 1.0). Thus, tile exhaust flow
inside this nozzle configuration is subsonic except for

possibly a small region of supersonic flow" near the

nozzle exit. Because of lower overexpansion losses at

low' NPR for the _defl = 90° configuration (effective

expansion ratio of about 1.002 versus 1.090 for the

5(tefl = 60° configuration) and lower supersonic flow

turning losses, the resultant thrust ratios are higher
for the /_defl = 90° configuration than those for the

_defl = 60c configuration.

Losses in nozzle discharge coefficient occurred at

a deflector rotation angle of 60 ° for nozzles with tall
deflectors and at a deflector rotation angle of 90 ° for
nozzles with medium and tall deflectors. Losses in

tVp/W i ranged from 0 to 4 percent for the _defl = 60°

cases and up to 20 percent when the tall deflectors

were deployed at 90 °. These losses in wp/wi for the

yaw-vectored configurations were caused by a shift

in the physical throat location from a location near
the geometric throat to a position farther down the

divergent flap. This is demonstrated by the pres-

sure plots in figure 10 where a shift in the physi-
cal throat location is indicated by the static pressure

inea.surenmnts. Therefore, the effective throat area

is smaller than the geometric unvectored throat area

used to compute ideal weight-flow rate. Since a re-
duction in throat area reduces the ability of a nozzle

to pass weight flow at a given nozzle pressure ratio,

the discharge coefficient decreased.



Theeffectof yawdeflectorheightissummarized
in figure11for the 1.8expansionrationozzles.The
internalthrustratio,resultantthrustratio,discharge
coefficient,resultantpitchvectorangle,andresultant
yawvectorangleareplottedasafimctionofthede-
flectorrotationangleat a constantnozzlepressure
ratio. In general,the nmdiumdeflectorsprovided
thebestoverallperformancebyprovidingthelargest
resultantyawvectorangleswith the leastlossesin
thrustratios.Comparedwith themediumdeflector,
the lossesin Fr/Fi for the tall and short deflectors

were greater by 6 percent and 2 percent, respectively.
The effect of varying the deflector height on resultant

yaw vector angles wa,s generally small. The maxi-

mum deviation in resultant yaw vector angle between
the deflector heights was less than 3° . At deflector

rotation angles less than 60 ° , tile effect of deflector

height on discharge coefficient was small. However,
as discussed previously, the nozzles with tall deflec-

tors suffered substantial losses in discharge coefficient
at _defl = 90°-

The effects of expansion ratio on nozzle internal

performance characteristics are summarized in fig-
ures 12(a) and (b) for nozzle pressure ratios of 4.0

and 6.0, respectively. During yaw-vectored opera-
tion, increasing the nozzle expansion ratio increased
the nozzle discharge coefficient at deflector rotation

angles of 90 ° while having little effect on the resultant

yaw vector angles generated. For the 2.3 expansion
ratio nozzle, the nozzle exit area has been increased

by rotating the nozzle divergent flap trailing edges

outward. Thus, for a constant value of 5(left, tile de-

flectors do not present as large a flow" blockage as
for the 1.8 expansion ratio nozzle. The 1.8 expan-

sion ratio configuration generally had higher Fr/F i
performance than the 2.3 expansion ratio configura-

tion because, at the NPR shown, it was operating

closer to the design NPR (or effective NPRd) than
the 2.3 expansion ratio configuration and thus had
lower overexpansion losses.

The effects of sidewall modifications on the inter-

hal performance and thrust-vectoring capability of
the 1.8 expansion ratio nozzle are presented in fig-

ures 13 to 15. As mentioned previously, two sidewall

modifications were investigated as means to increase
yaw-vectoring performance. The first modification

consisted of increasing the sidewall cutback by re-

ducing sidewall length from 70 percent to 55 percent

of the divergent flap length. The second modifica-
tion consisted of hinging tile 70-percent sidewall at

the nozzle throat and deflecting it outboard during

yaw vectoring.

The effects of sidewall cutback and deflection on

nozzle internal performance characteristics are pre-

sentcd in figure 13 for nozzles with tall deflectors.

As mentioned previously, the intent of sidewall cut-

back was to provide exhaust flow relief during yaw
vectoring and, therefore, increase yaw-vectoring per-
formance. Tile results indicate that sidewall cutback

effects on nozzle performance were negligible at de-
flector rotation angles of 0 ° and 30 °. However, at

deflector rotation angles of 60 ° and 90 °, increases in

resultant thrust ratio, discharge coefficient, and re-
sultant yaw vector angle occurred as a result of in-

creasing tile sidewall cutback. At maxinmm deflector

rotation angles (6deit = 90°), increasing the amount

of sidewall cutback resulted in increases in Fr/Fi of

2 percent, in wp/wi of 3.5 percent, and in _j of as
much as 8° . The change in discharge coefficient in-
dicates that the actual throat area increased as a

result of increasing the sidewall cuttlack. It is likely
that this increase in throat area is due to a rotation,

or skewing, of the throat plane in tile positive bv
direction that occurred as the sidewall cutback was

increased. Skewing of the nozzle throat would ac-

count for the increase in yaw-vectoring performance

observed. Tile increases in Fr/Fi that resulted from
increasing the sidewall cutback were unexpected. It

is possible that the flow relief provided by the cutback

sidewall allowed the exhaust flow to expand more ef-

ficiently than it did for the nozzle with 70-percent
sidewalls. Regardless of the reasons, it is obvious

that the 55-percent sidewall configuration is the more
efficient yaw-vectoring case.

During unvectored operation (Odefl = 0°), out-

board deflection of the left sidewall generally re-

sulted in losses in resultant thrust ratio Fr/F i. (See
fig. 13(a).) This trend is similar to those shown in

reference 12 for a nozzle with an outboard-deflecting
sidewall. Basically, outboard deflection of a sidewall

increases nozzle exit area and thus expansion ratio.
Increased nozzle expansion ratio would move max-

imum nozzle performance to higher values of NPR
(higher NPRd) , increase nozzle overexpansion losses

at low NPR,, and decrease nozzle underexpansion
losses at high NPR. Tile deflected sidewall increased

nozzle exit area to 8.112 in 2 and thus increased noz-

zle expansion ratio to 2.3. This resulted in a de-

sign nozzle pressure ratio of 13.6 for the deflected
sidewall configuration versus 8.8 for the undeflected

configuration. The deflected sidewall configuration
generally followed the expected trends with tile ex-

ception of NPR = 2.0. At NPR = 2.0, outboard side-

wall deflection increased separation inside the noz-
zle. Tile effect of separation at NPR = 2.0 was to

reduce the effective expansion ratio to a value be-

low 1.8, thereby reducing overexpansion losses and

increasing thrust performance. There was essentially



no effectof sidewalldeflectionon nozzledischarge
coefficient..As discussedpreviously,dischargeco-
efficientinaconvergent-divergentnozzleisafunction
of nozzlegeometryupstreamof, andat, tile nozzle
throat. Therefore,changesinnozzlegeonmtrydown-
streamofthethroatwouldnotbeexpectedto affect
dischargecoefficient.

Timeffectof sidewalldeflectiononyaw-vectoring
performanceis shownin figure 13(a). Sidewall
deflectionproduce(tnegativeyawvectoranglesat
NPR< 4.0,whereaspositiveyawvectorangleswere
generatedat NPR> 4.0. Figure14showsthe ef-
fectof NPRon internalstaticpressuredistritmtions
of the deflectedsidewallconfiguration.As shown,
staticpressuredistributionsindicatethat flowsepa-
rationgenerallyoccurredonthedeflectedsidewallin
a locationthat wasNPRdependent.At NPR= 2.0,
exhaustflowseparationfromthedivergentflapsand
sidewallsproducedhigherstaticpressureratiosP/PLj
on theh'ft sidewallthanon theright sidewall.The
resultingpressuregradientbetweentheleft.andright
sidewallsgeneratednegativesideforce(-Fs). It also
appearsthat thethroat mayt)eskewedto the right
(fartherdownstreamon the left sidewallthan on
the right), whichwouldtend to vectorflowoppo-
site the desireddirection. Thecombinationof the
skewedthroat and the pressuregradientproduced
negativeresultantyawvectoranglesat, low NPR.
AsNPR increased,theflowtende(tto stayattached
farther(h)wnthesidewall,alh)wingexpansionof the
flowalongthesi(tewallto lowerstaticpressures.At,
NPR= I.(),thecombinationof thepressuregra(tient
an(lanyvectore(tflowresultsin 5!/= ()o.At high('r
NPR,the flowcontinue(tto expanddownthe (h'-
flecte(lsidewallto static pressurevahleslowerthan
on the right sidewall. The resultingstatic pres-
suregra(lienthetweenthe left and right sidewalls
generatedpositivesi(teforce(k_). Theoveralllow
resultantyawvectoranglesat NPR> 4.0 indicate
that litt.leexhaustflowwasactuallyturnedby the
deflectedsidewall. This is consistentwith refl_r-
ence12,whichindicatesthat exhaustflowhaslit-
tle tendencyto expand(turn) out of anopensi(te-
wallat overexpandednozzleconditions.Therefore,
at NPYt< 13.6,it wouldt)eexpectedthat little flow
turningwouldoccur;any resultantvectoringwould
mainlybetheresultof pressuregradientsinsidethe
nozzl(?.

In actual practice, it is doubtflfl that an airplane

would fly at an expansion ratio of 1.8 (or 2.3) at

nozzle pressure ratios below NPR_/ (unless nozzle ge-

ometry was fixed). For a variable-geometry nozzle,

the expansion ratio would be set at the appropriate
value so that the nozzle wouht be operating on de-

sign (near Fr/Fi peak). For example, at NPR = 4.0

the nozzle expansion ratio wouht be set to approx-

imately 1.2. In all probability, a nozzle with this

expansion ratio would not generate negative h_j mlt.il
a much lower NPR was reached. (See ref. 12.) For

fixed nozzle geometry as tested, the opposite side-
wall could he deflected to provide F_ in tile desired

direction at NPt/< 4.0.

During yaw vectoring (rSdeft > 0 °), combining side-

wall deflection (0 = 25 °) with deflector rotation an-

gle at NI)R > 4.0 (where the effects of 0 and 5(1(,tt are

additive) produced the largest resultant yaw vector
angles (up to 35 °) while generally increasing Fr/Fi

(at bd(,, > 300) . At gS(Mt = 30 ° (fig. 13(b)), deflecting
the left, sidewall increased resultant yaw vector a.ngle

by 5° at NPR d while having little effect, on thrust
ratios or discharge coefficient. As _dett increases, the
effectiveness of the deflected sidewall also increases.

At. _qd('ft = 90°, deflecting the left sidewall outt)oard
produced up to a 2.5-percent increase in Fr/Fi, a

12-percent increase in wp/wi, and a 17 ° increase in

resultant yaw vector angle. (See fig. 13((t).) As men-

tione(t l)reviously, the nozzle throat shifted down-
stream at, (5(M t = 90 °. As indicated by the pressure

plots in figure 15(d), the outboard deflection of tile
nozzle sidewall reduces the amount of downstream

shift of the nozzle throat and thus yiehts the pre-

viously noted increase in (tischarge coefficient. Re-

ducing the downstream shift allowed the nozzle to
operate at a higher effective expansion ratio an(t a

higher effective NPR d. Thus, underexpansion h)sses
were reduced at higher NPR and overexpansion losses
were increased at h)wer NPR, resulting in a shift in

the peak F,-/Fi value to a higher NPR.

Effects of Geometric Pitch Vector Angle

Tile effects of geometric pitch vector angle 5_,,1, on

the internal t)erfornmnce and thrust-vectoring capa-

bility of the 1.8 ext)ansion ratio nozzles are presented
in figures 16 to 19. Divergent flap deflection pro-

duced resultant pitch vector angles 5p that, although

dependent on nozzle pressure ratio for NPR < 4.0,
were nearly equal to the geometric pitch vector an-

gle at NPR > 4.0. (See fig. 16.) A n|axinlunl re-
sultant pitch vector angle of 25 ° was measm'ed at
NPR < 4.0, where the nozzle was operating at highly

overexpanded conditions. During pit.ch-wx:tored op-
eration, an overexpansion occurs over much of the

lower divergent flap, resulting in a pressure gradient

between the upper and lower flaps (fig. 17). This

t)ressure gradient, tends to bias the flow toward tile

lower divergent flap. Because of the divergence an-

gle, the angle of the lower divergent flap is greater
than the geometric thrust vector angle, and resultant
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pitchvectorangles6p greater than 6v,p are possible,
especially at low NPR.

The effects of pitch thrust vectoring on resultant
thrust ratios were generally small. This was ex-

pected, since previous studies have shown that di-
vergent flap deflection is an efficient and effective

method of producing pitch thrust vectoring in non-

axisymmetric C-D nozzles (ref. 4). Losses in nozzle

discharge coefficient of approximately 2.5 percent oc-
curred during pitch vectoring, probably because of

a sharper throat corner on the lower divergent flap

and shifting of the actual throat location on the up-
per divergent flap. The shift in the throat location

is indicated by the static pressure distributions plot-
ted in figure 17. Figure 17 also shows that a pressure

correction occurs upstream of the throat in the pitch-

vectored configuration. This behavior may indicate a

larger flow-separation bubble occurring in the pitch-
vectored configuration, resulting in a smaller effective

throat area. As mentioned previously, a reduction in

throat area leads to a reduction in nozzle discharge
coefficient.

The effects of multiaxis thrust vectoring on the

internal performance and thrust-vectoring capability
of the 1.8 expansion ratio nozzles are presented in
figures 18 and 19. Figure 18 presents the effects of

pitch vectoring on yaw-vectoring performance with
5de fl = 45 ° and 0 = 0°. The results indicate that

the addition of pitch vectoring has little effect on

yaw-vectoring performance. The only significant

loss to occur was the 2.5-percent drop in discharge
coefficient that was previously associated with pitch

vectoring. The effects of yaw vectoring on pitch-

vectoring performance with 5v,p = 20 ° are presented
in figure 19. The results indicate that there is

relatively little effect of 5de fl or 0 on pitch-vectoring

performance at NPR > 3.0. However, at NPR < 3.0,
the addition of yaw vectoring reduced the resultant

pitch vector angles by approxinlately 5°.

Conclusions

An investigation has been conducted in the

static test facility of the Langley 16-Foot Transonic
Tunnel to evaluate the internal performance of a

nonaxisymmetric convergent-divergent nozzle with

multiaxis thrust-vectoring capability. The goal of

the design was to add efficient yaw-vectoring capabil-

ity to a pitch-vectoring nonaxisymmetric convergent-
divergent nozzle while minimizing the effect of one
vectoring direction on the other. The test was con-

ducted with no external flow, and nozzle pressure ra-
tio was varied from 2.0 to approximately 13.0. The

results of this investigation indicate tile following
conclusions:
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Yaw deflectors installed in the divergent flaps

of a pitch-vectoring nonaxisymmetric convergent-

divergent nozzle were effective in generating resul-

tant yaw vector angles up to 21 ° (with the base-
line sidewall) that were controllable by varying

yaw deflector rotation. During multiaxis (pitch
and yaw) thrust vectoring, the effects of one vec-

toring direction on the other were generally small.

In general, the medium yaw deflectors had the
best overall nozzle internal performance charac-

teristics by providing the largest resultant yaw
vector angles with the least losses in thrust ratios.

Losses in nozzle discharge coefficient during yaw
thrust vectoring are the result of a shift in the
physical throat location in the nozzle.

During unvectored operation, varying the sidewall
cutback had little or no effect on nozzle internal

performance. However, during yaw-vectored op-
eration, increasing the sidewall cutback increased

nozzle performance at deflector rotation angles
of 60 ° and 90 ° .

During yaw vectoring, combining sidewall deflec-

tion with deflector rotation significantly increased
nozzle internal performance.

NASA Langley Research Center
Hampton, VA 23681-0001
July 6, 1993
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Table 1. Description of Model Configurations

Configuration Ae/At At, in 2 NPR d 6.v,p, deg Xs/Lf 0, (leg 6de!t, deg Deflector height

1.3 3.5312 4.6 0 0.55 01

2

3

4

5

6
7

8

9

10

11

12

13

14

15
16

17

18

19

20
21

22

23

24

25

26

27

28

29
3O

31

32

33
34

35

36

37
38

39

40

41

1.8

2.3

l
1.8

I

2.3

i

i

I

3.4166

3.5312

3.4166

l
3.5312

l

8.8

13.6

l
8.8

13.6

2O

0

2O

0

1

0.70

25

0

0

25
0

1

0

30

60

90
0

30

45

60

90

30

60

90
30

60

90

0

45

30

60
0

60

90

0

45

3O
60

90

30

60

90

0

45
30

60

90

0

45

45

0
60

90

Zero

Short

I
Zero

Short

Medium

1
Tall

l
Zero

Short

Tall

Tall
Zero

Tall

Tall

Zero

Short

Mediunl

[
Tall

l
Zero

Short

Tall

Zero

Short

Short

Zero

Tall

Tall
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NPR

Table 2. Nozzle Pcrfl)rmancc Data

Configumfion 1

Wp/Wi Fr/Fi F/F i _p, deg _y, deg

2.002 0.9559 0.9326 0.9325 -0.55 -0.65

3.009 0.9550 0.9697 0.9697 -0.25 -0.23

3.999 0.9560 0.9827 0.9827 -0.16 -0.10

4.595 0.9565 0.9852 0.9852 -0.20 -0.13

5.008 0.9567 0.9847 0.9847 -0.23 -0.11

7.010 0.9577 0.9802 0.9802 -0.37 -0.08

9.003 0.9590 0.9744 0.9744 -0.42 -0.08

12.002 0.9603 0.9662 0.9662 -0.43 -0.16

NPR

2.014

3.003

4.004

4.600

4.998

6.996

8.851

Configuration 2

Wp/W i Fr/Fi F/F i _p, deg _y, deg

0.9541 0.8910 0.8855 -0.29 6.41

0.9537 0.9116 0.9023 -0.36 8.25

0.9540 0.9166 0.9062 0.00 8.70

0.9547 0.9174 0.9070 0.06 8.69

0.9549 0.9189 0.9086 -0.03 8.67

0.9563 0.9196 0.9097 -0.12 8.49

0.9581 0.9173 0.9077 -0.11 8.36

NPR

Configuration 3

Wp/W i Fr/F i F/F i tip, deg By, deg

2.006 0.7700 0.8913 0.8551 -0.30 16.84

3.005 0.7856 0.8914 0.8508 -0.32 17.89

3.016 0.7858 0.8921 0.8514 -0.21 17.92

4.001 0.7887 0.8913 0.8460 1.26 18.96

4.593 0.7899 0.8887 0.8399 0.26 19.80

5.009 0.7912 0.8919 0.8432 0.59 19.75

5.907 0.7932 0.8874 0.8334 0.27 20.95
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NPR

Table2. Continued

Configuration4

Wp/Wi Fr/Fi F/F i

2.008 0.6237 0.9621 0.9022

3.013 0.6344 0.9652 0.8953

3.999 0.6356 0.9624 0.8875

4.602 0.6365 0.9567 0.8797

5.014 0.6372 0.9551 0.8769

5.426 0.6383 0.9511 0.8721

8p, deg

0.09

0.33

0.39

0.43

0.42

0.51

_y, deg

21.23

23.08

24.02

24.49

24.73

24.92

NPR

Configuration 5

Wp/Wi Fr/F i F]F i 5p, deg _y, deg

1.997 0.9564 0.8597 0.8596 0.03 -0.94

3.003 0.9544 0.9133 0.9133 -0.21 -0.37

4.003 0.9550 0.9470 0.9470 0.08 -0.21

6.011 0.9563 0.9752 0.9752 -0.12 -0.05

8.003 0.9568 0.9842 0.9842 -0.18 -0.05

8.998 0.9571 0.9861 0.9861 -0.21 -0.04

10.020 0.9576 0.9869 0.9869 -0.20 -0.06

12.269 0.9577 0.9870 0.9870 -0.21 -0.10

NPR

2.002

3.006

4.016

6.006

8.008

9.003

10.003

13.083

Configuration 6

Wp/Wi Fr/Fi F/F i 8p, deg By, deg

0.9593 0.8806 0.8757 -2.47 5.52

0.9582 0.8988 0.8942 -0.26 5.83

0.9590 0.9161 0.9111 -0.25 6.00

0.9596 0.9431 0.9386 -0.35 5.60

0.9603 0.9457 0.9412 -0.16 5.64

0.9608 0.9478 0.9434 -0.14 5.50

0.9613 0.9486 0.9442 -0.79 5.46

0.9613 0.9489 0.9451 -0.08 5.12

14



Table2. Continued

Configuration7

NPR Wp/Wi Fr/Fi F/Fi l_p,deg

2.007 0.9481 0.8936 0.8807
2.993 0.9484 0.9168 0.9038
4.010 0.9494 0.9131 0.8953
6.014 0.9506 0.9260 0.9083
7.992 0.9519 0.9293 0.9116
9.010 0.9524 0.9313 0.9141

10.005 0.9529 0.9323 0.9157
12.344 0.9541 0.9318 0.9164

-1.15
-1.40
0.14
0.30
0.17
0.19
0.22
0.25

_y,deg

9.78

9.65

11.49

11.35

11.36

11.16

10.96

10.54

Configuration 8

NPR Wp/Wi Fr/F i F/F i 5p, deg _y, deg

2.010 0.9511 0.8772 0.8492 -1.12 14.79

3.011 0.9513 0.9043 0.8718 -0.69 15.78

3.996 0.9518 0.9040 0.8684 -1.46 16.51

6.010 0.9532 0.9014 0.8601 0.38 17.97

7.997 0.9545 0.9043 0.8645 0.33 17.59

9.013 0.9552 0.9066 0.8683 0.40 17.20

9.498 0.9554 0.9070 0.8693 0.34 17.05

Configuration 9

NPR Wp/Wi Fr/F i F/F i 5p, deg

2.005 0.8800 0.9032 0.8690 -!.40 16.18

3.000 0.8916 0.9097 0.8745 -1.09 16.38

4.005 0.8942 0.9126 0.8759 -0.57 16.75

6.013 0.8976 0.9021 0.8640 -0.95 17.18

6.503 0.8982 0.8996 0.8614 -1.04 17.23

6.950 0.8987 0.8979 0.8595 -0.91 17.30
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NPR

1.996
3.005
4.004
6.007
8.008
9.008

10.002
12.536

Table2. Continued

Configuration10

Wp/W i Fr,/F i F/F i 6p, deg By, deg

0.9586 0.8802 0.8755 -0.01 5.99

0.9575 0.9235 0.9221 -0.01 3.15

0.9581 0.9446 0.9428 0.03 3.56

0.9593 0.9566 0.9528 -0.03 5.11

0.9602 0.9609 0.9568 -0.12 5.33

0.9607 0.9618 0.9576 -0.11 5.36

0.9612 0.9612 0.9570 -0.09 5.38

0.9614 0.9597 0.9557 -0.08 5.28

NPR

Configuration 11

Wp/Wi Fr/Fi F/F i 8p, deg By, deg

2.001 0.9608 0.8606 0.8410 -0.55 12.40

3.006 0.9582 0.9161 0.8941 -0.03 12.80

3.999 0.9591 0.9299 0.9038 -0.02 13.86

6.010 0.9600 0.9347 0.9030 0.07 15.30

8.009 0.9612 0.9346 0.8961 0.38 16.97

9.007 0.9619 0.9345 0.8976 0.43 16.57

9.135 0.9619 0.9357 0.8990 0.44 16.52

NPR

Configuration 12

wp/wi Fr/F i F/F i

2.006 0.9332 0.9324 0.8855

3.007 0.9339 0.9622 0.9053

4.004 0.9353 0.9669 0.8988

6.008 0.9367 0.9570 0.8796

6.866 0.9373 0.9535 0.8741

_p, deg

0.15

0.50

0.52

0.61

0.59

6y, deg

18.91

20.62

22.71

24.55

24.96
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NPR

Table2. Continued

Configuration13

Wp/Wi Fr/Fi F/Fi _p, deg By, deg

2.011 0.9562 0.8742 0.8694 1.78 5.74

3.003 0.9546 0.9025 0.8968 -0.04 6.50

4.002 0.9556 0.9165 0.9093 0.05 7.20

6.007 0.9567 0.9332 0.9256 0.04 7.34

8.002 0.9576 0.9389 0.9317 0.00 7.15

8.999 0.9584 0.9367 0.9294 -0.05 7.20

10.005 0.9584 0.9370 0.9298 -0.07 7.14

12.357 0.9592 0.9366 0.9299 -0.05 6.90

NPR

Configuration 14

W/W i Fr/Fi F]F i 8p, deg By, deg

2.011 0.9396 0.8871 0.8494 -0.50 17.25

3.001 0.9478 0.8986 0.8496 -0.20 19.73

4.009 0.9498 0.9009 0.8468 -0.21 20.82

6.008 0.9516 0.8977 0.8339 -0.55 22.83

7.276 0.9528 0.8951 0.8262 0.41 23.89

NPR

Configuration 15

Wp/W i Fr/F i F/F i

2.000 0.7937 0.9626 0.9002

3.007 0.8061 0.9632 0.8889

4.010 0.8088 0.9614 0.8804

5.006 0.8114 0.9558 0.8715

6.018 0.8138 0.9477 0.8613

_p, deg

0.46

0.55

0.69

0.70

0.75

21.70

23.91

25.13

25.80

26.30

17



NPR

Table2. Continued

Comqgumtion 16

wp/wi Fr/Fi F/F i 8p, deg By, deg

2.004 0.9342 0.8760 0.8121 23.19 0.29

3.004 0.9326 0.9258 0.8688 21.10 0.17

3.507 0.9333 0.9308 0.8683 22.13 0.15

4.000 0.9330 0.9442 0.8869 20.94 -0.10

4.503 0.9338 0.9562 0.8990 20.75 -0.09

5.013 0.9335 0.9652 0.9069 20.86 -0.10

6.006 0.9343 0.9766 0.9181 20.77 -0.15

6.996 0.9348 0.9843 0.9269 20.48 -0.15

8.016 0.9351 0.9899 0.9334 20.23 -0.14

9.006 0.9358 0.9912 0.9357 20.03 -0.14

10.031 0.9363 0.9925 0.9382 19.77 -0.13

11.027 0.9358 0.9930 0.9397 19.57 -0.13

12.007 0.9370 0.9917 0.9396 19.34 -0.13

12.776 0.9373 0.9905 0.9392 19.20 -0.14

NPR

Configuration 17

Wp/Wi Fr/F i F/F i 8p, deg By, deg

2.007 0.9176 0.8660 0.8086 19.20 10.65

2.998 0.9175 0.9136 0.8548 19.02 10.27

4.003 0.9187 0.9260 0.8715 18.08 9.84

6.029 0.9208 0.9152 0.8525 19.33 11.25

8.008 0.9221 0.9280 0.8655 19.36 10.81

9.002 0.9227 0.9294 0.8655 19.63 10.83

9.998 0.9237 0.9312 0.8679 19.53 10.70

12.768 0.9254 0.9346 0.8733 19.31 10.17

18



Table2. Continued

NPR

1.999
2.025
2.999
2.995
4.004
6.000
7.997
9.002

10.004
12.832

Configuration18

Wp/Wi Fr/Fi F/Fi 8p,deg By,deg

0.9279 0.8720 0.8279 17.59 7.07

0.9300 0.8688 0.8249 17.63 6.95

0.9280 0.9002 0.8543 17.93 6.39

0.9271 0.9006 0.8551 17.87 6.28

0.9284 0.9166 0.8609 19.60 7.41

0.9296 0.9349 0.8751 20.14 7.63

0.9307 0.9423 0.8854 19.45 7.56

0.9313 0.9445 0.8880 19.38 7.44

0.9319 0.9454 0.8888 19.40 7.42

0.9329 0.9444 0.8886 19.32 7.24

NPR

Configuration 19

Wp/Wi Fr/Fi F/Fi 8p, deg _y, deg

2.006 0.8870 0.8804 0.7930 21.00 17.98

3.005 0.9058 0.8865 0.7949 21.08 18.85

4.007 0.9086 0.8963 0.8073 20.05 19.04

5.002 0.9107 0.8979 0.8104 19.30 19.37

6.005 0.9124 0.8964 0.8077 19.02 19.97

7.001 0.9133 0.8988 0.8114 18.41 20.16

8.015 0.9146 0.8988 0.8101 18.47 20.40

8.306 0.9148 0.8987 0.8105 18.36 20.41

NPR

Configuration 20

Wp/Wi Fr/Fi F/Fi By, deg

2.012 0.9537 0.8425 0.8425 -0.26 -0.51

4.003 0.9540 0.9049 0.9049 -0.16 -0.04

6.012 0.9550 0.9528 0.9528 -0.28 -0.04

7.995 0.9555 0.9749 0.9748 -0.28 -0.02

9.998 0.9563 0.9872 0.9872 -0.27 -0.05

11.991 0.9573 0.9921 0.9921 -0.25 -0.07

12.680 0.9570 0.9933 0.9933 -0.26 -0.09
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NPR

Table2. Continued

Configuration21

wgtwi Fr/Fi F/Fi 8p,deg 5y, deg

1.999 0.9567 0.8130 0.7904 -0.80 13.79

4.002 0.9577 0.8920 0.8645 -0.99 14.51

6.010 0.9584 0.8964 0.8611 -0.21 16.57

8.002 0.9597 0.9025 0.8665 0.26 16.68

9.960 0.9606 0.9118 0.8783 0.16 15.97

NPR

Configuration 22

Wp/Wi Fr/F i F/F i _Sp,deg 6y, deg

2.004 0.9297 0.8745 0.8244 -0.54 20.27

4.005 0.9293 0.9194 0.8576 -0.72 22.13

6.003 0.9310 0.9242 0.8582 -0.27 22.90

7.738 0.9323 0.9293 0.8640 0.40 22.67

NPR

Configuration 23

Wp/Wi Fr/F i F/F i _p, deg _y, deg

2.009 0.9606 0.8605 0.8594 -2.87 -0.49

3.002 0.9577 0.9063 0.9063 0.40 -0.35

4.009 0.9587 0.9419 0.9419 0.28 -0.34

6.000 0.9591 0.9740 0.9740 0.05 -0.13

8.002 0.9596 0.9846 0.9846 -0.20 -0.04

9.000 0.9603 0.9873 0.9873 -0.18 -0.03

10.002 0.9604 0.9888 0.9888 -0.20 -0.03

12.699 0.9607 0.9891 0.9891 -0.21 -0.06
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Table2. Continued

NPR

Configuration24

Wp/Wi Fr/Fi F/Fi

2.020 0.9534 0.8870 0.8725 -1.34 10.39
3.005 0.9531 0.8978 0.8841 0.20 10.12
4.012 0.9533 0.9174 0.8993 0.34 11.54
6.007 0.9548 0.9254 0.9095 0.22 10.75
8.023 0.9557 0.9312 0.9154 -0.44 10.68
9.002 0.9558 0.9316 0.9159 0.21 10.66

10.011 0.9561 0.9334 0.9181 0.23 10.47
12.150 0.9561 0.9350 0.9207 0.27 10.10

NPR

2.002
3.001
4.005
6.014
8.003
9.005

10.000
12.420

Configuration25

Wl/Wi Fr/Fi F/F i _p, deg By, deg

0.9605 0.8648 0.8611 -1.28 5.16

0.9591 0.9111 0.9098 -0.07 3.03

0.9593 0.9291 0.9265 0.01 4.31

0.9609 0.9545 0.9508 -0.12 5.00

0.9620 0.9617 0.9580 -0.15 5.03

0.9626 0.9626 0.9590 -0.14 4.99

0.9629 0.9629 0.9593 -0.12 4.96

0.9634 0.9619 0.9585 -0.09 4.85

NPR

Configuration 26

wp/wi Fr/Fi F/F i 8p, deg By, deg

2.005 0.9600 0.8668 0.8469 -0.40 12.49

2.996 0.9585 0.9106 0.8891 0.07 12.68

4.004 0.9594 0.9217 0.8914 -0.10 15.08

6.012 0.9604 0.9315 0.8998 -0.16 15.36

8.000 0.9616 0.9327 0.8993 0.33 15.74

9.008 0.9625 0.9339 0.9023 0.24 15.29

9.752 0.9625 0.9335 0.9020 0.22 15.28
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NPR

Table2. Continued

Configuration 27

Wp/Wi Fr/F i F/F i

2.004 0.9266 0.9362 0.9003

3.006 0.9332 0.9471 0.9004

4.006 0.9348 0.9484 0.8975

6.009 0.9385 0.9345 0.8790

7.157 0.9405 0.9287 0.8718

_p, deg

0.39

0.46

0.54

0.57

0.55

_y, deg

16.35

18.68

19.57

20.67

21.02

NPR

2.009

3.018

4.008

7.991

10.134

13.043

Configuration 28

Wp/Wi Fr/Fi F/F i By, deg

0.9598 0.8650 0.8588 2.13 6.55

0.9591 0.9022 0.8984 0.01 5.28

0.9588 0.9175 0.9104 0.68 7.11

0.9604 0.9400 0.9332 0.15 6.92

0.9488 0.9405 0.9338 -0.83 6.81

0.9615 0.9400 0.9339 -0.01 6.54

NPR

Configuration 29

Wp/Wi Fr/F i F/F i _ip, deg _y, deg

2.008 0.9308 0.8723 0.8472 -0.10 14.04

3.003 0.9414 0.8831 0.8568 0.01 14.29

4.006 0.9445 0.8826 0.8549 -0.67 14.68

6.015 0.9468 0.8716 0.8422 0.28 15.26

8.002 0.9495 0.8775 0.8467 0.16 15.58

9.001 0.9508 0.8789 0.8489 0.01 15.36

10.014 0.9520 0.8785 0.8480 0.25 15.51

11.162 0.9533 0.8798 0.8504 0.27 15.19

22



NPR

Table 2. Continued

Configuration 30

Wp/W i Fr/Fi F/F i

2.002 0.7596 0.9527 0.9122

3.002 0.7708 0.9519 0.9087

4.007 0.7743 0.9475 0.9043

6.001 0.7788 0.9321 0.8884

_p, deg

0.41

0.41

0.47

0.49

_y, deg

17.25

17.86

17.91

18.19

NPR

2.001

3.004

4.003

6.004

8.005

8.990

9.997

12.239

Cortfigumtion 31

Wp/W i Fr/Fi F]F i _p, deg By, deg

0.9611 0.8922 0.8806 -0.69 -9.27

0.9593 0.9170 0.9149 -0.45 -3.86

0.9603 0.9376 0.9375 -0.07 -0.87

0.9603 0.9627 0.9616 -0.05 2.78

0.9607 0.9724 0.9695 -0.13 4.44

0.9612 0.9739 0.9702 -0.15 4.96

0.9612 0.9753 0.9710 -0.09 5.36

0.9612 0.9757 0.9703 -0.07 6.05

NPR

Configuration 32

Wp/W i Fr/Fi F]F i _p, deg _y, deg

2.024 0.9520 0.8913 0.8842 -2.30 6.88

2.996 0.9525 0.8853 0.8772 -0.21 7.82

4.007 0.9535 0.9106 0.8949 0.36 10.77

6.009 0.9546 0.9223 0.8966 0.30 13.81

8.037 0.9554 0.9342 0.9022 0.33 15.41

9.025 0.9559 0.9350 0.8999 -0.01 16.17

9.535 0.9559 0.9349 0.8986 0.43 16.43
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NPR

Table2. Continued

Configuration33

Wp/Wi Fr/Fi F]Fi 8p, deg _y, deg

1.999 0.9621 0.8853 0.8845 2.48 0.64

3.019 0.9600 0.8979 0.8969 -0.02 2.68

4.003 0.9603 0.9159 0.9107 0.54 6.11

6.012 0.9605 0.9275 0.9141 0.08 9.85

8.028 0.9614 0.9371 0.9185 0.39 11.60

9.023 0.9620 0.9385 0.9181 0.29 12.13

10.026 0.9619 0.9405 0.9187 0.24 12.56

11.379 0.9624 0.9411 0.9178 0.24 12.98

NPR

Configuration 34

Wp/Wi Fr/Fi F/F i

2.007 0.9420 0.8771 0.8338

3.012 0.9529 0.8886 0.8315

4.010 0.9540 0.8993 0.8368

6.006 0.9552 0.8996 0.8188

6.528 0.9558 0.9015 0.8157

6.586 0.9554 0.9034 0.8172

8p, deg

-0.05

0.22

0.38

0.59

0.44

0.43

By, deg

18.71

21.60

22.57

26.06

26.96

27.00

NPR

Configuration 35

Wp/Wi Fr/F i F/F i

2.006 0.8670 0.9431 0.8612

3.006 0.8893 0.9495 0.8390

3.995 0.8912 0.9563 0.8354

5.003 0.8933 0.9580 0.8237

5.598 0.8937 0.9573 0.8154

8p, deg

0.54

0.81

0.91

0.95

0.94

By, deg

25.57

30.34

31.90

34.01

35.22
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NPR

Table 2. Continued

Configuration 36

Wp/Wi Fr/Fi F/Fi 5p, deg 5y, deg

2.002 0.9367 0.8718 0.8054 23.74 -0.14

3.006 0.9361 0.9405 0.8610 25.19 -0.12

3.500 0.9360 0.9226 0.8778 18.53 0.06

4.001 0.9365 0.9387 0.8921 18.76 0.01

4.504 0.9364 0.9506 0.9001 19.45 -0.06

5.000 0.9362 0.9605 0.9068 19.99 -0.14

6.006 0.9370 0.9742 0.9181 20.33 -0.24

7.012 0.9376 0.9831 0.9269 20.25 -0.20

8.007 0.9375 0.9882 0.9327 20.07 -0.20

8.999 0.9381 0.9917 0.9368 19.91 -0.20

9.996 0.9386 0.9930 0.9391 19.69 -0.19

11.025 0.9385 0.9936 0.9406 19.50 -0.18

11.991 0.9391 0.9926 0.9405 19.32 -0.16

12.781 0.9398 0.9918 0.9405 19.17 -0.18

Configuration 37

NPR 5p, degWp/Wi Fr/Fi F/F i 5y, deg

2.004 0.9215 0.8593 0.8020 19.24 10.74

3.006 0.9218 0.9129 0.8504 19.25 11.41

4.000 0.9218 0.9219 0.8637 18.39 10.89

5.998 0.9235 0.9230 0.8638 19.14 9.93

8.017 0.9251 0.9274 0.8676 19.29 9.80

8.994 0.9255 0.9319 0.8726 19.18 9.63

10.005 0.9263 0.9322 0.8714 19.51 9.66

12.682 0.9281 0.9355 0.8766 19.28 9.20

NPR

Configuration 38

w_wi Fr/Fi F/F i 5y, deg

2.010 0.9097 0.8773 0.8265 18.36 8.87

3.013 0.9273 0.9024 0.8454 18.51 10.75

4.004 0.9295 0.9132 0.8543 18.37 11.42

6.005 0.9310 0.9176 0.8442 19.40 14.83

8.003 0.9320 0.9284 0.8489 19.44 16.31

9.008 0.9324 0.9332 0.8498 19.90 16.72

10.010 0.9331 0.9354 0.8507 19.87 17.07

10.502 0.9333 0.9359 0.8504 19.91 17.25
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Table2. Concluded

NPR

Configuration39

wp/wi Fr/Fi F/Fi 8p,deg

1.997 0.9581 0.8374 0.8321 6.43 -0.41
2.000 0.9586 0.8343 0.8290 6.43 -0.61
3.011 0.9584 0.9059 0.8921 -10.12 0.11
3.512 0.9591 0.9108 0.9064 -5.63 -0.17
4.001 0.9587 0.9005 0.9005 0.11 -0.18
6.000 0.9593 0.9475 0.9475 -0.16 -0.13
7.998 0.9597 0.9730 0.9730 -0.24 -0.05

10.000 0.9606 0.9863 0.9863 -0.25 -0.04
12.009 0.9609 0.9927 0.9926 -0.24 -0.09

NPR

Configuration40

Wp/Wi Fr/Fi F]Fi 8p,deg By, deg

2.006 0.9605 0.8084 0.7872 -0.52 13.37

2.999 0.9592 0.8671 0.8399 -0.44 14.68

3.500 0.9601 0.8788 0.8505 -0.47 14.87

4.002 0.9603 0.8820 0.8517 -1.32 15.34

6.010 0.9615 0.8866 0.8526 -0.04 16.34

8.006 0.9628 0.9032 0.8742 0.03 14.87

10.000 0.9638 0.9107 0.8818 0.17 14.77

10.786 0.9618 0.9123 0.8840 0.20 14.61

NPR

Configuration 41

Wp/Wi Fr/F i F/F i 8p, deg By, deg

2.004 0.9307 0.8548 0.8161 -0.75 17.84

4.005 0.9316 0.9081 0.8657 -0.57 18.13

6.005 0.9332 0.9122 0.8707 -0.26 17.88

8.007 0.9355 0.9060 0.8672 -0.64 17.32

9.993 0.9363 0.9010 0.8638 -0.02 17.00

10.549 0.9364 0.8999 0.8632 0.01 16.90
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Table 3. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 1

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x/Lf x/Lf x/Lf

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051

2.002 0.971 0.877 0.331 0.267 0.910 0.371

3.009 0.970 0.876 0.330 0.268 0.908 0.369

3.999 0.970 0.876 0.330 0.268 0.909 0.368

4.595 0.969 0.876 0.330 0.269 0.909 0.368

5.008 0.969 0.876 0.330 0.268 0.909 0.368

7.010 0.969 0.875 0.331 0.268 0.909 0.367

9.003 0.969 0.875 0.331 0.269 0.909 0.365

12.002 0.968 0.874 0.332 0.269 0.908 0.363

-0.140 0.051

0.912 0.362

0.911 0.363

0.911 0.361

0.912 0.362

0.912 0.361

0.912 0.361

0.911 0.360

0.911 0.359

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x& x/Lf x/Lf

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051

2.002 0.970 0.876 0.330 0.264 0.913 0.367

3.009 0.967 0.873 0.330 0.263 0.912 0.369

3.999 0.966 0.871 0.330 0.263 0.911 0.367

4.595 0.966 0.871 0.330 0.264 0.912 0.367

5.008 0.965 0.870 0.330 0.264 0.911 0.366

7.010 0.964 0.869 0.330 0.264 0.911 0.365

9.003 0.964 0.869 0.331 0.264 0.911 0.364

12.002 0.964 0.870 0.331 0.264 0.911 0.363

-0.140 0.051

0.913 0.499

0.912 0.332

0.911 0.250

0.910 0.217

0.910 0.199

0.910 0.143

0.910 0.111

0.909 0.083

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

Right sidewall

x/Lf

NPR -0.307 -0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

2.002 0.953 0.886 0.562 0.378 0.297 0.947 0.850 0.569 0.401

3.009 0.954 0.886 0.558 0.377 0.295 0.941 0.859 0.566 0.376

3.999 0.953 0.887 0.559 0.376 0.293 0.942 0.867 0.566 0.371

4.595 0.953 0.888 0.558 0.376 0.292 0.942 0.867 0.565 0.374

5.008 0.952 0.888 0.557 0.376 0.291 0.942 0.872 0.566 0.369

7.010 0.952 0.889 0.557 0.375 0.287 0.943 0.882 0.566 0.378

9.003 0.951 0.888 0.557 0.375 0.282 0.945 0.881 0.566 0.375

12.002 0.950 0.888 0.558 0.375 0.276 0.947 0.885 0.567 0.375

0.374

0.345

0.287

0.292

0.290

0.293

0.293

0.288

0.284
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NPR

2.014

3.003

4.004

4.600

4.998

6.996

8.851

Table 4. Nozzle Internal Static Prcssurc Ratios P/Pt,j for Configuration 2

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wtf2) = -0.50 y/(wt/'2) = 0.50

x_ x_ x/Le

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.972 0.878 0.479 0.585 0.909 0.370

0.971 0.876 0.433 0.525 0.909 0.368

0.970 0.876 0.424 0.493 0.910 0.367

0.970 0.876 0.417 0.491 0.909 0.367

0.970 0.876 0.414 0.490 0.909 0.367

0.969 0.875 0.398 0.489 0.909 0.365

0.969 0.875 0.385 0.488 0.909 0.364

0.909 0.488

0.911 0.507

0.910 0.507

0.911 0.502

0.912 0.499

0.911 0.487

0.912 0.477

NPR -0.368

2.014 0.970

3.003 0.966

4.004 0.964

4.600 0.963

4.998 0.963

6.996 0.964

8.851 0.964

Lower flap

y](wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2 ) = 0.50

xfl_.f x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051

0.877 0.459 0.585 0.916 0.366

0.872 0.397 0.525 0.911 0.367

0.871 0.387 0.491 0.911 0.367

0.870 0.381 0.487 0.911 0.366

0.870 0.378 0.487 0.911 0.365

0.869 0.366 0.485 0.910 0.364

0.869 0.358 0.483 0.911 0.363

-0.140 0.051

0.914 0.496

0.911 0.333

0.910 0.250

0.910 0.217

0.910 0.200

0.910 0.143

0.910 0.113

NPR -0.307

2.014 0.954

3.003 0.953

4.004 0.952

4.600 0.953

4.998 0.953

6.996 0.952

8.851 0.952

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

Right sidewall

x/Lr

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.870 0.561 0.377 0.550 0.946 0.828 0.664 0.532

0.879 0.560 0.376 0.306 0.944 0.858 0.665 0.539

0.882 0.559 0.374 0.289 0.943 0.866 0.665 0.546

0.883 0.559 0.374 0.288 0.944 0.870 0.666 0.550

0.884 0.559 0.375 0.287 0.944 0.871 0.666 0.553

0.885 0.558 0.374 0.281 0.944 0.878 0.666 0.560

0.886 0.558 0.372 0.277 0.946 0.880 0.666 0.564

0.374

0.299

0.232

0.237

0.236

0.235

0.235

0.235
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NPR -0.368

2.006 0.980
3.005 0.980
3.016 0.980
4.001 0.979
4.593 0.979
5.009 0.979
5.907 0.979

Table5. NozzleInternalStaticPressureRatiosp/pt,j fl)r Configuration 3

(a) Upper and lower flap internal static" pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt]'2) = -0.50 y/(wt/2 ) = 0.50

x& x_ x_

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.921 0.810 0.777 0.935 0.752 0.951 0.848

0.917 0.799 0.762 0.933 0.745 0.949 0.840

0.918 0.799 0.761 0.933 0.745 0.948 0.840

0.916 0.796 0.759 0.932 0.745 0.948 0.839

0.915 0.795 0.759 0.931 0.745 0.948 0.838

0.916 0.794 0.759 0.931 0.745 0.948 0.838

0.915 0.794 0.758 0.931 0.744 0.948 0.838

NPR -0.368

2.006 0.981

3.005 0.977

3.016 O.977

4.001 0.975

4.593 O.974

5.009 0.974

5.907 0.974

Lower flap

y/(wt/2 ) = 0.0 y/(wt/'2) = -0.50 y/(wt[2 ) = 0.50

x/El x/Lr x/El

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.918 0.810 0.775 0.937 0.755 0.951 0.498

0.913 0.800 0.759 0.933 0.739 0.948 0.332

0.912 0.799 0.759 0.932 0.740 0.948 0.331

0.910 0.798 0.757 0.932 0.743 0.947 0.250

0.909 0.797 0.757 0.932 0.745 0.947 0.217

0.909 0.797 0.756 0.932 0.745 0.947 0.199

0.909 0.797 0.756 0.932 0.745 0.947 0.169

NPR -0.307 -0.137

2.006 0.969 0.913

3.005 0.967 0.911

3.016 0.967 0.910

4.001 0.966 0.912

4.593 0.966 0.913

5.009 0.966 0.912

5.907 0.966 0.914

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

xfCt x_

0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.778 0.759 0.724 0.968 0.907 0.876 0.492

0.763 0.745 0.711 0.963 0.917 0.871 0.388

0.763 0.745 0.712 0.963 0.914 0.869 0.389

0.763 0.743 0.710 0.964 0.922 0.873 0.395

0.761 0.742 0.710 0.964 0.926 0.873 0.400

0.762 0.742 0.710 0.964 0.926 0.874 0.404

0.760 0.741 0.709 0.964 0.929 0.874 0.411

0.374

0.511

0.333

0.333

0.166

0.146

0.142

0.140
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NPR -0.368

2.008 0.989

3.013 0.986

3.999 0.987

4.602 0.98"1

5.014 0.987

5.426 0.987

Table 6. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 4

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(w#) = 0.50
x/I., x/Lf x/Lf

-0.089 0.191 0.470 4). 140 0.051 -0.140 0.051

0.949 0.867 0.817 0.953 0.834 0.970 0.916

0.946 0.859 0.807 0.950 0.827 0.970 0.911

0.945 0.857 0.806 0.949 0.826 0.971 0.910

0.945 0.857 0.806 0.951 0.826 0.971 0.911

0.944 0.857 0.806 0.951 0.826 0.971 0.911

0.945 0.857 0.806 0.950 0.826 0.971 0.911

NPR -0.368

2.OO8 0.988

3.013 0.983

3.999 0.982

4.602 0.981

5.014 0.982

5.426 0.981

Lower flap

y](wt/2) = 0.0 y/(wt/'2) = -0.50 y/(wt/2) = 0.50

x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.944 0.867 0.815 0.954 0.833 0.974 0.497

0.938 0.861 0.804 0.951 0.824 0.971 0.332

0.936 0.860 0.804 0.951 0.824 0.970 0.250

0.937 0.860 0.803 0.952 0.825 0.970 0.217

0.937 0.860 0.804 0.952 0.825 0.970 O.199

0.936 0.860 0.803 0.951 0.825 0.970 0.184

NPR -0.307

2.008 0.979

3.013 0.978

3.999 0.978

4.602 0.976

5.014 0.977

5.426 0.976

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf X/El

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.933 0.844 0.815 0.774 0.976 0.942 0.957 0.513

0.934 0.836 0.808 0.764 0.978 0.946 0.961 0.373

0.936 0.835 0.806 0.763 0.978 0.958 0.962 0.281

0.936 0.835 0.807 0.763 0.977 0.956 0.962 0.234

0.935 0.835 0.806 0.763 0.976 0.948 0.962 0.213

0.935 0.835 0.806 0.763 0.977 0.957 0.963 0.197

0.374

0.503

0.335

0.251

0.217

0.197

0.182
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NPR

1.997
3.003
4.003
6.011
8.003
8.998

10.020

12.269

Table 7. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 5

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt]2) = -0.50 y/(wt/2) = 0.50
x/I_ x/El x/t,f

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.971 0.877 0.302 0.384 0.914 0.307

0.972 0.877 0.304 0.210 0.912 0.306

0.971 0.877 0.304 0.209 0.912 0.305

0.971 0.877 0.304 0.208 0.912 0.304

0.970 0.876 0.303 0.209 0.912 0.302

0.970 0.876 0.303 0.208 0.911 0.302

0.970 0.876 0.303 0.208 0.912 0.301

0.969 0.875 0.303 0.208 0.911 0.300

0.911 0.296

0.913 0.298

0.911 0.299

0.912 0.299

0.912 0.298

0.912 0.297

0.912 0.297

0.912 0.296

NPR

1.997

3.003

4.003

6.011

8.003

8.998

10.020

12.269

Lower flap

y](wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt, r2) = 0.50

x_ x/l_,f x/t,r

-0.368 -0.089 0.191 0.470 -0.140 0.051

0.974 0.882 0.297 0.379 0.913 0.296

0.969 0.878 0.296 0.209 0.912 0.302

0.966 0.875 0.295 0.209 0.912 0.302

0.966 0.875 0.294 0.209 0.911 0.301

0.965 0.873 0.293 0.209 0.911 0.300

0.965 0.873 0.293 0.209 0.910 0.300

0.965 0.874 0.293 0.209 0.911 0.300

0.965 0.874 0.293 0.209 0.910 0.299

-0.140 0.051

0.918 0.352

0.914 0.309

0.913 O.294

0.913 0.291

0.912 0.291

0.911 0.291

0.911 0.290

0.911 0.290

NPR -0.307

1.997 0.954

3.003 0.954

4.003 0.954

6.011 0.953

8.003 0.952

8.998 0.951

10.020 0.951

12.269 0.950

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

Right sidewall

x/Lf

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034

0.883 0.565 0.267 0.414 0.938 0.861 0.560

0.888 0.562 0.265 0.219 0.944 0.854 0.561

0.887 0.561 0.266 0.219 0.944 0.872 0.559

0.888 0.560 0.264 0.218 0.945 0.874 0.558

0.888 0.560 0.262 0.218 0.947 0.878 0.558

0.889 0.560 0.261 0.218 0.947 0.879 0.558

0.888 0.560 0.260 0.218 0.949 0.879 0.558

0.888 0.559 0.257 0.218 0.950 0.882 0.558

0.204

0.294

0.229

0.237

0.258

0.260

0.261

0.260

0.261

0.374

0.404

0.231

0.222

0.220

0.219

0.219

0.219

0.219
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NPR

2.002
3.006

4.016

6.006

8.008

9.003

10.003

13.083

Table 8. Nozzle Internal Static Pressure Ratios P/Ptd for Configuration 6

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x/Lf x/Lf x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.970 0.874 0.301 0.455 0.912 0.303 0.910 0.293

0.969 0.875 0.298 0.290 0.911 0.303 0.910 0.295

0.970 0.875 0.298 0.288 0.911 0.301 0.911 0.295

0.970 0.874 0.298 0.288 0.911 0.300 0.911 0.294

0.969 0.874 0.299 0.290 0.911 0.298 0.911 0.293

0.969 0.874 0.299 0.290 0.911 0.298 0.912 0.293

0.957 0.904 0.736 0.317 0.896 0.325 0.896 0.289

0.969 0.873 0.299 0.292 0.910 0.296 0.912 0.291

NPR -0.368

2.002 0.970

3.006 0.966

4.016 0.965

6.006 0.964

8.008 0.963

9.003 0.964

10.003 1.042

13.083 0.964

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wtf2) = 0.50

x/If x/Lr x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.878 0.303 0.450 0.914 0.297 0.913 0.357

0.875 0.301 0.283 0.911 0.304 0.912 0.312

0.874 0.300 0.282 0.912 0.305 0.912 0.295

0.874 0.299 0.282 0.912 0.303 0.912 0.290

0.873 0.298 0.282 0.911 0.302 0.911 0.290

0.873 0.298 0.282 0.911 0.301 0.912 0.290

1.004 0.329 0.310 1.429 0.297 0.894 0.287

0.873 0.298 0.283 0.911 0.300 0.911 0.288

NPR -0.307 -0.137

2.002 0.952 0.883

3.006 0.952 0.885

4.016 0.953 0.884

6.006 0.952 0.885

8.008 0.952 0.886

9.003 0.951 0.886

10.003 0.929 0.914

13.083 0.949 0.887

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lf

0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.560 0.266 0.429 0.943 0.850 0.567 0.496

0.558 0.264 0.221 0.943 0.869 0.565 0.394

0.556 0.264 0.220 0.941 0.864 0.560 0.406

0.554 0.262 0.219 0.941 0.871 0.558 0.408

0.553 0.260 0.219 0.943 0.874 0.558 0.410

0.552 0.259 0.219 0.944 0.875 0.558 0.408

0.599 0.255 0.231 0.937 0.874 0.670 0.459

0.552 0.255 0.219 0.947 0.881 0.558 0.405

0.374

0.472

0.234

0.198

0.198

0.200

0.199

0.198

0.199
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NPR -0.368

2.010 0.972
3.011 0.971
3.996 0.970
6.010 0.970
7.997 0.970
9.013 0.969
9.498 0.969

Table9. NozzleInternalStaticPressureRatiosP/Pt,j for Configuration 8

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.876 0.423 0.592 0.912 0.307

0.876 0.356 0.443 0.912 0.305

0.876 0.351 0.442 0.912 0.304

0.876 0.347 0.444 0.911 0.303

0.875 0.344 0.443 0.911 0.301

0.875 0.342 0.442 0.911 0.300

0.875 0.342 0.443 0.911 0.300

0.911 0.480

0.911 O.457

0.912 O.426

0.913 0.444

0.913 0.463

0.913 0.466

0.913 0.467

NPR -0.368

2.010 0.968

3.011 0.966

3.996 0.965

6.010 0.964

7.997 0.964

9.013 0.964

9.498 0.963

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/'2 ) = 0.50

x/L e x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051

0.879 0.422 0.585 0.912 0.297

0.876 0.346 0.436 0.911 0.304

0.873 0.341 0.436 0.910 0.304

0.874 0.335 0.442 0.911 0.303

0.874 0.333 0.441 0.911 0.301

0.874 0.332 0.441 0.911 0.301

0.874 0.331 0.440 0.911 0.300

-0.140 0.051

0.916 0.481

0.915 0.440

0.914 0.441

0.914 0.425

0.913 0.462

0.913 0.463

0.913 0.464

NPR -0.307 -0.137

2.010 0.953 0.879

3.011 0.954 0.883

3.996 0.953 0.885

6.010 0.953 0.887

7.997 0.952 0.887

9.013 0.952 0.887

9.498 0.951 0.887

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

Right sidewall

x/Lf

0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.562 0.270 0.498 0.941 0.839 0.683 0.470

0.561 0.267 0.221 0.943 0.861 0.679 0.395

0.559 0.268 0.220 0.945 0.877 0.685 0.389

0.558 0.267 0.220 0.945 0.879 0.684 0.385

0.558 0.264 0.219 0.946 0.886 0.684 0.395

0.557 0.262 0.219 0.946 0.880 0.68-_ 0.394

0.557 0.262 0.219 0.947 0.882 0.683 0.390

0.374

0.494

0.314

0.188

0.119

0.113

0.124

0.118

33



NPR

2.005

3.000

4.005

6.013

6.503

6.950

Table 10. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 9

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x/_ x/t_ x/t_

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.973 0.888 0.689 0.685 0.914 0.463 0.932 0.734

0.972 0.883 0.653 0.654 0.914 0.310 0.931 0.710

0.972 0.884 0.649 0.651 0.914 0.306 0.930 0.715

0.973 0.883 0.646 0.649 0.913 0.304 0.930 0.713

0.972 0.883 0.645 0.649 0.913 0.304 0.930 0.713

0.973 0.883 0.644 0.649 0.913 0.304 0.930 0.713

NPR -0.368

2.005 0.975

3.000 0.969

4.005 0.968

6.013 0.967

6.503 0.967

6.950 0.967

Lower flap

y/(wt]2) = 0.0 y/(wt]2) = -0.50 y/(wt]2) = 0.50
x/Le X/El x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.889 0.685 0.683 0.918 0.465 0.938 0.697

0.881 0.647 0.653 0.914 0.328 0.932 0.672

0.881 0.644 0.650 0.913 0.309 0.932 0.678

0.880 0.641 0.648 0.913 0.306 0.930 0.707

0.880 0.640 0.647 0.913 0.306 0.930 0.685

0.879 0.639 0.647 0.913 0.305 0.930 0.684

NPR -0.307 -0.137

2.005 0.954 0.884

3.000 0.955 0.890

4.005 0.955 0.887

6.013 0.954 0.889

6.503 0.953 0.889

6.950 0.954 0.889

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x_ x_

0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.572 0.614 0.641 0.955 0.887 0.889 0.451

0.564 0.566 0.623 0.961 0.916 0.892 0.310

0.562 0.511 0.632 0.955 0.905 0.889 0.293

0.561 0.501 0.632 0.957 0.919 0.891 0.297

0.560 0.499 0.632 0.957 0.922 0.891 0.298

0.560 0.497 0.632 0.958 0.920 0.891 0.296

0.374

0.487

0.314

0.234

0.156

0.113

0.104
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NPR

1.996
3.005
4.004
6.007
8.008
9.008
10.002
12.536

Table11.NozzleInternalStaticPressureRatiosP/Pt,j for Configuration 10

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x& x_ x/t_

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.971 0.876 0.304 0.384 0.911 0.304 0.912 0.295

0.970 0.876 0.304 0.229 0.911 0.304 0.911 0.296

0.971 0.875 0.303 0.229 0.911 0.302 0.911 0.296

0.970 0.876 0.302 0.227 0.911 0.301 0.912 0.296

0.970 0.875 0.302 0.226 0.911 0.299 0.912 0.294

0.969 0.875 0.302 0.226 0.911 0.298 0.911 0.294

0.969 0.875 0.302 0.225 0.910 0.298 0.911 0.294

0.969 0.874 0.302 0.224 0.910 0.297 0.911 0.292

NPR -0.368

1.996 0.972

3.005 0.967

4.004 0.965

6.007 0.964

8.008 0.964

9.008 0.964

10.002 0.963

12.536 0.964

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x_ _ x_

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.879 0.301 0.381 0.914 0.297 0.916 0.355

0.877 0.300 0.225 0.912 0.304 0.913 0.310

0.873 0.298 0.224 0.911 0.304 0.912 0.295

0.874 0.298 0.223 0.911 0.302 0.912 0.290

0.873 0.297 0.222 0.911 0.301 0.912 0.289

0.873 0.297 0.221 0.911 0.301 0.912 0.289

0.873 0.297 0.220 0.911 0.300 0.911 0.289

0.873 0.297 0.219 0.911 0.299 0.911 0.288

NPR -0.307

1.996 0.954

3.005 0.952

4.004 0.952

6.007 0.952

8.008 0.952

9.008 0.951

10.002 0.951

12.536 0.950

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/El x/El

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.889 0.565 0.268 0.400 0.949 0.851 0.569 0.456

0.883 0.560 0.265 0.220 0.942 0.859 0.562 0.314

0.882 0.558 0.265 0.220 0.940 0.864 0.561 0.343

0.885 0.558 0.264 0.219 0.942 0.878 0.561 0.355

0.886 0.559 0.260 0.219 0.943 0.877 0.562 0.358

0.886 0.558 0.259 0.219 0.944 0.878 0.562 0.358

0.886 0.558 0.258 0.219 0.945 0.880 0.562 0.357

0.887 0.558 0.255 0.219 0.947 0.882 0.561 0.361

0.374

0.490

0.297

0.269

0.277

0.279

0.279

0.278

0.280
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NPR

2.001

3.006

3.999

6.010

8.009

9.007

9.135

Table 12. Nozzle Internal Static Pressure Ratios P/Ptd for Configuration 11

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x/Le x/Lf x/Le

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.971 0.876 0.304 0.608 0.911 0.305 0.910 0.295

0.970 0.876 0.304 0.389 0.911 0.304 0.911 0.295

0.970 0.876 0.303 0.389 0.911 0.302 0.911 0.296

0.970 0.876 0.303 0.390 0.911 0.301 0.912 0.295

0.969 0.875 0.302 0.390 0.911 0.299 0.912 0.294

0.969 0.875 0.302 0.389 0.911 0.298 0.911 0.294

0.969 0.875 0.302 0.389 0.910 0.298 0.911 0.294

NPR -0.368

2.001 0.968

3.006 0.965

3.999 0.964

6.010 0.963

8.009 0.963

9.007 0.963

9.135 0.963

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt,t2 ) = 0.50

x/Le x/Lr x/Le

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.878 0.300 0.611 0.916 0.297 0.913 0.352

0.874 0.299 0.388 0.911 0.303 0.912 0.310

0.872 0.298 0.387 0.912 0.304 0.912 0.296

0.872 0.297 0.389 0.910 0.301 0.912 0.292

0.873 0.297 0.389 0.910 0.300 0.911 0.290

0.873 0.296 0.389 0.911 0.299 0.911 0.289

0.872 0.296 0.389 0.911 0.299 0.911 0.289

NPR -0.307

2.001 0.953

3.006 0.953

3.999 0.953

6.010 0.953

8.009 0.952

9.007 0.952

9.135 0.951

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lf

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.885 0.567 0.266 0.464 0.938 0.856 0.570 0.488

0.883 0.563 0.264 0.221 0.940 0.863 0.563 0.418

0.885 0.561 0.264 0.220 0.941 0.877 0.563 0.425

0.886 0.560 0.263 0.219 0.941 0.872 0.562 0.424

0.886 0.559 0.260 0.219 0.943 0.875 0.563 0.416

0.887 0.559 0.259 0.219 0.944 0.878 0.562 0.420

0.887 0.559 0.259 0.219 0.944 0.877 0.562 0.415

0.374

0.486

0.312

0.200

0.139

0.147

0.150

0.149
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Table 13. Nozzle Internal Static Pressure Ratios P/Pt,j for Contiguration 12

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x/l_- x/Lf x/Lf

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

2.006 0.972 0.878 0.482 0.592 0.913 0.307 0.919 0.534

3.007 0.972 0.878 0.459 0.452 0.913 0.306 0.917 0.520

4.004 0.972 0.878 0.457 0.450 0.912 0.304 0.917 0.518

6.008 0.971 0.878 0.453 0.448 0.912 0.303 0.918 0.519

6.866 0.971 0.877 0.452 0.448 0.912 0.302 0.918 0.520

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x/El X/El x/El

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

2.006 0.969 0.880 0.476 0.589 0.916 0.299 0.921 0.523

3.007 0.967 0.878 0.450 0.450 0.913 0.305 0.920 0.502

4.004 0.966 0.876 0.448 0.447 0.912 0.306 0.919 0.499

6.008 0.965 0.875 0.445 0.445 0.912 0.304 0.919 0.502

6.866 0.965 0.875 0.443 0.444 0.911 0.302 0.918 0.499

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x]Lf x]Lf

NPR -0.307 -0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

2.006 0.952 0.889 0.563 0.272 0.512 0.955 0.884 0.812 0.619

3.007 0.954 0.888 0.559 0.268 0.222 0.949 0.885 0.806 0.617

4.004 0.954 0.887 0.558 0.269 0.221 0.948 0.896 0.807 0.623

6.008 0.954 0.889 0.557 0.268 0.221 0.949 0.897 0.808 0.625

6.866 0.953 0.888 0.557 0.267 0.221 0.949 0.895 0.808 0.619

0.374

0.527

0.350

0.249

0.133

0.109
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NPR -0.368

2.011 0.970

3.003 0.970

4.002 0.970

6.007 0.970

8.002 0.969

8.999 0.969

10.005 0.969

12.357 0.969

Table 14. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 13

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wtf2) = -0.50 y/(wt/2 ) = 0.50

x_ x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.875 0.304 0.467 0.911 0.307 0.910 0.296

0.876 0.303 0.296 0.911 0.306 0.911 0.298

0.876 0.304 0.295 0.912 0.304 0.910 0.299

0.877 0.303 0.295 0.911 0.303 0.912 0.298

0.876 0.303 0.295 0.911 0.301 0.912 0.297

0.876 0.302 0.296 0.911 0.301 0.912 0.297

0.876 0.302 0.296 0.911 0.300 0.912 0.296

0.875 0.303 0.296 0.910 0.299 0.912 0.295

NPR -0.368

2.011 0.970

3.003 0.966

4.002 0.965

6.007 0.965

8.002 0.965

8.999 0.965

10.005 0.966

12.357 0.966

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lr x/El

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.876 0.299 0.463 0.914 0.295 0.916 0.354

0.874 0.298 0.292 0.912 0.301 0.914 0.311

0.873 0.297 0.291 0.911 0.302 0.913 0.295

0.873 0.296 0.290 0.912 0.301 0.912 0.291

0.873 0.296 0.292 0.911 0.300 0.912 0.290

0.873 0.296 0.292 0.911 0.300 0.912 0.290

0.874 0.296 0.292 0.910 0.300 0.911 0.290

0.874 0.296 0.293 0.911 0.299 0.911 0.289

NPR -0.307

2.011 0.950

3.003 0.953

4.002 0.952

6.007 0.952

8.002 0.951

8.999 0.951

10.005 0.950

12.357 0.949

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

X/El x/Lf

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.882 0.562 0.267 0.436 0.944 0.802 0.558 0.417

0.885 0.560 0.264 0.219 0.942 0.854 0.559 0.345

0.886 0.560 0.264 0.219 0.944 0.867 0.558 0.394

0.888 0.560 0.263 0.218 0.945 0.874 0.557 0.417

0.889 0.559 0.260 0.218 0.947 0.884 0.557 0.424

0.889 0.559 0.259 0.218 0.948 0.881 0.557 0.420

0.889 0.559 0.258 0.218 0.948 0.880 0.557 0.418

0.888 0.559 0.255 0.218 0.949 0.883 0.557 0.419

0.374

0.403

O.233

0.190

0.187

0.207

0.206

0.205

0.207
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NPR

2.011
3.001
4.009
6.008
7.276

NPR

2.011
3.001
4.009
6.008
7.276

NPR

2.011
3.001
4.009
6.008
7.276

Table15.

-0.368

0.973
0.971
O.970
0.970
0.970

-0.368

0.969
0.966

0.965

0.964

0.964

-0.307

O.954

0.954

0.954

O.953

0.953

Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 14

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2) = 0.50

x]l.,f x/Lf x/L,f

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0,880 0.578 0.660 0.913 0.305 0.916 0.562

0.878 0.498 0.591 0.911 0.303 0.913 0.509

0.877 0.464 0.573 0.912 0.302 0.913 0.503

0.877 0.440 0.555 0.911 0.302 0.913 0.498

0.876 0.434 0.545 0.911 0.300 0.913 0.476

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt]2) = 0.50

x/Lf x/Lr x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.881 0.605 0.660 0.913 0.299 0.922 0.560

0.875 0.483 0.594 0.911 0.305 0.917 0.475

0.874 0.456 0.571 0.911 0.305 0.915 0.451

0.875 0.424 0.553 0.911 0.302 0.915 0.436

0.874 0.416 0.545 0.910 0.302 0.914 0.442

(b) Sidewall int, crnal static pressure ral, ios

Left sidewall Right sidewall

x/Lf x/Lr

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.882 0.563 0.450 0.629 0.945 0.849 0.742 0.484

0.884 0.558 0.268 0.492 0.943 0.860 0.705 0.416

0.887 0.557 0.268 0.459 0.947 0.870 0.703 0.417

0.888 0.556 0.265 0.413 0.946 0.879 0.700 0.424

0.888 0.555 0.263 0.386 0.947 0.881 0.701 0.419

0.374

0.475

0.324

0.240

0.130

0.113
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NPR

2.000

3.007

4.010

5.006

6.018

Table 16. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 15

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x/Lf X/El x/Lr

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.978 0.910 0.784 0.756 0.928 0.624 0.949 0.812

0.978 0.907 0.771 0.742 0.926 0.615 0.949 0.812

0.978 0.906 0.769 0.741 0.925 0.612 0.948 0.819

0.978 0.907 0.769 0.741 0.924 0.617 0.948 0.825

0.978 0.906 0.769 0.741 0.924 0.616 0.948 0.827

NPR -0.368

2.000 0.979

3.007 0.975

4.010 0.974

5.006 0.973

6.018 0.973

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x]Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.912 0.780 0.754 0.928 0.597 0.953 0.793

0.906 0.770 0.742 0.923 0.575 0.950 0.792

0.904 0.769 0.741 0.924 0.577 0.949 0.802

0.904 0.768 0.740 0.924 0.581 0.949 0.811

0.903 0.768 0.740 0.923 0.585 0.949 0.817

NPR -0.307

2.000 0.962

3.007 0.962

4.010 0.962

5.006 0.961

6.018 0.961

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lf

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.909 0.693 0.711 0.708 0.970 0.960 0.936 0.507

0.903 0.672 0.699 0.693 0.969 0.933 0.930 0.370

0.900 0.670 0.699 0.692 0.966 0.936 0.926 0.352

0.900 0.669 0.699 0.692 0.966 0.938 0.926 0.353

0.900 0.667 0.699 0.691 0.966 0.937 0.927 0.351

0.374

0.503

0.322

0.234

0.192

0.136
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NPR

2.004

3.004

3.507

4.000

4.503

5.013

6.006

6.996

8.016

9.006

10.031

11.027

12.007

12.776

Table 17. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 16

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt]2 ) = -0.50 y/(wt]2 ) = 0.50

x_ x/Lf x/t.f

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.976 0.904 0.458 0.450 0.921 0.693

0.974 0.904 0.456 0.134 0.920 0.690

0.975 0.903 0.455 0.134 0.919 0.689

0.974 0.903 0.455 0.133 0.919 0.690

0.973 0.904 0.454 0.134 0.920 0.689

0.973 0.903 0.454 0.133 0.919 0.689

0.974 0.903 0.453 0.134 0.919 0.689

0.973 0.902 0.453 0.133 0.918 0.688

0.973 0.902 0.452 0.133 0.918 0.688

0.972 0.902 0.452 0.133 0.918 0.687

0.972 0.902 0.452 0.133 0.918 0.687

0.972 0.901 0.452 0.133 0.917 0.687

0.972 0.901 0.452 0.133 0.917 0.686

0.972 0.901 0.452 0.133 0.917 0.686

0.920 0.684

0.922 0.680

0.921 0.679

0.922 0.678

0.921 0.678

0.921 0.678

0.922 0.677

0.922 0.677

0.922 0.676

0.922 0.676

0.922 0.676

0.922 0.675

0.921 0.675

0.922 0.675

NPR

2.004

3.004

3.507

4.000

4.503

5.013

6.006

6.996

8.016

9.006

10.031

11.027

12.007

12.776

Lower flap

y/(wt]2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2 ) = 0.50

x/El X/El x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051

0.978 0.911 0.256 0.532 0.922 0.105

0.973 0.908 0.254 0.227 0.918 0.109

0.972 0.908 0.254 0.227 0.921 0.110

0.971 0.906 0.253 0.226 0.919 0.110

0.971 0.906 0.253 0.226 0.920 0.111

0.971 0.905 0.252 0.226 0.919 0.111

0.971 0.906 0.252 0.226 0.919 0.112

0.971 0.905 0.252 0.226 0.919 0.111

0.971 0.905 0.251 0.226 0.920 0.111

0.970 0.905 0.251 0.226 0.920 0.111

0.971 0.906 0.250 0.226 0.920 0.111

0.971 0.906 0.250 0.226 0.920 0.110

0.971 0.906 0.250 0.226 0.919 0.110

0.971 0.906 0.249 0.226 0.919 0.110

-0.140 0.051

0.923 0.498

0.921 0.333

0.920 0.285

0.920 0.250

0.920 0.222

0.919 0.199

0.920 0.166

0.919 0.143

0.919 0.125

0.919 0.111

0.919 0.099

0.918 0.090

0.918 0.083

0.918 0.078
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NPR -0.307 -0.137

2.O04 0.959 0.893

3.004 0.959 0.896

3.507 0.959 0.897

4.000 0.959 0.898

4.503 0.959 0.899

5.013 0.958 0.899

6.006 0.959 0.900

6.996 0.959 0.900

8.016 0.958 0.901

9.006 0.957 0.901

10.031 0.957 0.902

I 1.027 0.956 0.902

12.007 0.956 0.902

12.776 0.956 0.902

Table 17. Concluded

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

0.034 0.204 0.374 -0.307 -0.137

0.670 0.352 0.407 0.941 0.859

0.667 0.351 0.181 0.946 0.870

0.667 0.350 0.181 0.947 0.879

0.667 0.351 0.180 0.947 0.886

0.666 0.351 0.181 0.946 0.879

0.666 0.349 0.181 0.945 0.878

0.665 0.349 0.180 0.948 0.885

0.665 0.350 0.180 0.948 0.895

0.664 0.349 0.180 0.949 0.889

0.665 0.350 0.180 0.950 0.896

0.665 0.349 0.179 0.951 0.894

0.664 0.349 0.179 0.952 0.896

0.664 0.349 0.180 0.953 0.898

0.664 0.349 0.179 0.953 0.896

Right sidewall

xn_

0.034

0.654

0.663

0.663

0.663

0.663

0.664

0.665

0.666

0.667

0.668

0.667

0.668

0.668

0.668

0.204

0.422

0.298

0.304

0.340

0.339

0.341

0.345

0.349

0.344

0.348

0.344

0.346

0.347

0.346

0.374

0.452

0.220

0.186

0.177

0.174

0.176

0.174

0.178

0.177

0.179

0.177

0.177

0.178

0.177
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NPR

1.999
2.025
2.999
2.995
4.004
6.000
7.997
9.002
10._
12.832

Table18.NozzleInternalStaticPressureRatiosP/Pt,j for Configuration 18

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x_ _ x_

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.976 0.905 0.472 0.381 0.920 0.694

0.976 0.907 0.468 0.378 0.919 0.694

0.975 0.905 0.463 0.162 0.921 0.691

0.975 0.905 0.461 0.163 0.921 0.690

0.975 0.904 0.461 0.161 0.920 0.690

0.973 0.903 0.458 0.159 0.919 0.688

0.973 0.903 0.457 0.158 0.918 0.688

0.972 0.902 0.457 0.157 0.918 0.687

0.973 0.902 0.457 0.157 0.918 0.687

0.972 0.901 0.457 0.157 0.917 0.686

0.924 0.694

0.922 0.693

0.925 0.689

0.926 0.689

0.924 0.688

0.924 0.688

0.923 0.687

0.923 0.687

0.924 0.686

0.923 0.685

NPR -0.368

1.999 0.979

2.025 O.979

2.999 0.974

2.995 0.973

4.004 0.973

6.000 0.970

7.997 0.970

9.002 0.970

10.004 0.969

12.832 0.970

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x,rt_ x/El x/t,

-0.089 0.191 0.470 -0.140 0.051

0.914 0.264 0.463 0.923 0.167

0.913 0.260 0.466 0.924 0.159

0.908 0.239 0.295 0.919 0.107

0.908 0.238 0.295 0.919 0.106

0.906 0.236 0.295 0.920 0.110

0.906 0.243 0.295 0.918 0.112

0.905 0.246 0.296 0.918 0. I 12

0.906 0.248 0.297 0.919 0.111

0.905 0.254 0.297 0.919 0.I 11

0.906 0.270 0.298 0.919 0.110

-0.140 0.051

0.926 0.500

0.924 0.494

0.922 0.333

0.921 0.334

0.921 0.249

0.920 0.166

0.920 0.125

0.920 0.111

0.919 0.100

0.919 0.076
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NPR -0.307 -0.137

1.999 0.959 0.903

2.025 0.959 0.898

2.999 0.959 0.905

2.995 0.960 0.906

4.004 0.960 0.904

6.000 0.959 0.906

7.997 0.959 0.906

9.002 0.958 0.906

10.004 0.958 0.906

12.832 0.956 0.906

Table 18. Concluded

(b) Sidewall internal static pressure ratios

Left sidewall

x_

0.034 0.204 0.374 -0.307 -0.137

0.711 0.306 0.322 0.947 0.877

0.708 0.299 0.318 0.942 0.867

0.707 0.249 0.223 0.949 0.879

0.708 0.248 0.223 0.952 0.881

0.707 0.248 0.220 0.948 0.882

0.707 0.249 0.218 0.948 0.886

0.706 0.251 0.221 0.950 0.893

0.706 0.252 0.224 0.951 0.893

0.705 0.253 0.228 0.952 0.895

0.705 0.256 0.236 0.954 0.896

Right sidewall

x/Lr

0.034

0.665

0.660

0.665

0.667

0.665

0.666

0.667

0.667

0.667

0.668

0.204

0.433

0.411

0.336

0.349

0.340

0.351

0.356

0.352

0.348

0.351

0.374

0.395

0.402

0.208

0.208

0.178

0.185

0.186

0.184

0.180

0.182
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NPR

2.006

3.005

4.007

5.002

6.005

7.001

8.015

8.306

Table 19. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 19

(a,) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt]2 ) = -0.50 y/(wt/2 ) = 0.50

x/t_ X/El x,%-

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.979 0.913 0.572 0.641 0.927 0.732 0.933 0.763

0.975 0.908 0.517 0.583 0.923 0.707 0.930 0.739

0.974 0.907 0.510 0.573 0.922 0.703 0.929 0.735

0.974 0.907 0.507 0.571 0.921 0.701 0.929 0.733

0.974 0.907 0.505 0.570 0.920 0.700 0.929 0.733

0.974 0.906 0.504 0.566 0.920 0.699 0.929 0.732

0.974 0.906 0.503 0.562 0.920 0.698 0.929 0.731

0.974 0.906 0.502 0.561 0.920 0.698 0.928 0.731

NPR -0.368

2.006 0.981

3.005 0.975

4.007 0.973

5.002 0.972

6.005 0.971

7.001 0.970

8.015 0.971

8.306 0.971

Lower flap

y/(wt/2 ) = 0.0 y/(wt]2 ) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.918 0.443 0.664 0.928 0.477 0.931 0.498

0.910 0.373 0.586 0.922 0.345 0.927 0.332

0.908 0.361 0.569 0.921 0.323 0.926 0.249

0.908 0.358 0.564 0.921 0.340 0.926 0.200

0.907 0.356 0.563 0.921 0.340 0.925 0.166

0.906 0.374 0.559 0.920 0.329 0.925 0.143

0.907 0.372 0.554 0.920 0.312 0.924 0.125

0.906 0.373 0.551 0.920 0.311 0.924 0.120

NPR -0.307

2.006 0.966

3.005 0.965

4.007 0.963

5.002 0.963

6.005 0.963

7.001 0.962

8.015 0.962

8.306 0.962

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lf

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.914 0.784 0.380 0.536 0.952 0.873 0.718 0.496

0.915 0.764 0.231 0.451 0.951 0.883 0.693 0.437

0.913 0.762 0.231 0.443 0.949 0.879 0.686 0.419

0.914 0.761 0.231 0.395 0.949 0.889 0.685 0.416

0.915 0.760 0.231 0.304 0.949 0.890 0.682 0.407

0.916 0.759 0.232 0.294 0.950 0.893 0.684 0.413

0.915 0.759 0.234 0.293 0.951 0.894 0.684 0.413

0.915 0.758 0.235 0.293 0.951 0.895 0.685 0.409

0.374

0.514

0.351

0.317

0.334

0.331

0.318

0.301

0.301
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NPR -0.368

2.012 0.970

4.003 0.971

6.012 0.970

7.995 0.969

9.998 0.969

11.991 O.969

12.680 0.968

Table 20. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 20

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.877 0.276 0.417 0.910 0.244 0.910 0.240

0.877 0.275 0.097 0.911 0.249 0.910 0.251

0.877 0.275 0.098 0.911 0.250 0.911 0.253

0.877 0.275 0.098 0.910 0.249 0.911 0.251

0.876 0.275 0.099 0.910 0.249 0.911 0.250

0.876 0.275 0.098 0.909 0.248 0.911 0.249

0.876 0.275 0.098 0.909 0.248 0.911 0.249

NPR -0.368

2.012 0.972

4.003 0.967

6.012 0.966

7.995 0.966

9.998 0.966

11.991 0.966

12.680 0.966

Lower flap

y/(wt/2 ) = 0.0 y/(wt[2 ) = -0.50 yI(wt/2 ) = 0.50

X/El x]L r x]Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.876 0.277 0.419 0.912 0.243 0.913 0.497

0.873 0.277 0.099 0.912 0.252 0.912 0.250

0.873 0.276 0.100 0.912 0.253 0.912 0.166

0.872 0.276 0.100 0.912 0.253 0.910 0.125

0.872 0.276 0.100 0.912 0.252 0.910 0.100

0.872 0.276 0.100 0.912 0.252 0.910 0.083

0.872 0.276 0.100 0.912 0.251 0.910 0.079

NPR -0.307

2.012 0.950

4.003 0.953

6.012 0.952

7.995 0.952

9.998 0.951

11.991 0.950

12.680 0.950

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lf

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.884 0.563 0.438 0.436 0.941 0.834 0.565 0.482

0.887 0.559 0.150 0.185 0.942 0.860 0.561 0.152

0.888 0.557 0.150 0.185 0.942 0.869 0.560 0.129

0.889 0.556 0.149 0.184 0.945 0.881 0.560 0.146

0.888 0.556 0.149 0.185 0.945 0.876 0.559 0.149

0.888 0.555 0.149 0.185 0.947 0.880 0.559 0.148

0.888 0.555 0.149 0.185 0.947 0.879 0.559 0.144

0.374

0.475

0.197

0.176

0.180

0.184

0.185

0.181
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NPR

1.999

4.002

6.010

8.002

9.960

Table 21. Nozzle Internal Static Pressure Ratios P/Ptj for Configuration 21

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt]2) = -0.50 y/(wt/2) = 0.50

x/Lf x/Lf x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.970 0.876 0.285 0.570 0.910 0.242 0.908 0.331

0.970 0.878 0.277 0.340 0.910 0.248 0.910 0.327

0.969 0.877 0.276 0.334 0.910 0.249 0.910 0.319

0.969 0.876 0.275 0.332 0.909 0.249 0.910 0.273

0.968 0.876 0.275 0.332 0.909 0.248 0.910 0.249

NPR

1.999

4.002

6.010

8.002

9.960

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x/If x/Lf x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.971 0.877 0.297 0.563 0.913 0.241 0.914 0.500

0.966 0.872 0.275 0.345 0.911 0.251 0.911 0.250

0.965 0.870 0.276 0.342 0.911 0.252 0.911 0.166

0.964 0.870 0.276 0.341 0.911 0.252 0.910 0.125

0.964 0.870 0.276 0.341 0.911 0.250 0.910 0.100

NPR -0.307

1.999 0.951

4.002 0.953

6.010 0.953

8.002 0.952

9.960 0.951

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x_f

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.888 0.566 0.345 0.389 0.945 0.848 0.562 0.476

0.888 0.560 0.152 0.182 0.943 0.869 0.562 0.394

0.888 0.559 0.152 0.181 0.941 0.875 0.562 0.408

0.888 0.558 0.151 0.181 0.943 0.878 0.563 0.415

0.888 0.558 0.153 0.181 0.944 0.878 0.565 0.414

0.374

0.486

0.193

0.116

0.111

0.110
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NPR

2.004
4.005
6.003
7.738

NPR

2.004
4.005
6.003
7.738

NPR

2.004
4.005
6.003
7.738

Table22.

-0.368

0.972

0.972

0.971

0.971

Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 22

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt]2) = -0.50 y/(wt/2) = 0.50

x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.880 0.378 0.588 0.911 0.244 0.916 0.593

0.880 0.370 0.405 0.911 0.250 0.919 0.620

0.879 0.370 0.402 0.911 0.250 0.919 0.625

0.879 0.399 0.400 0.911 0.250 0.918 0.605

-0.368

0.972

0.967

0.966

0.966

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lr X/El

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.879 0.376 0.585 0.914 0.245 0.922 0.499

0.874 0.373 0.405 0.913 0.253 0.920 0.249

0.874 0.399 0.406 0.913 0.254 0.920 0.166

0.873 0.402 0.408 0.912 0.254 0.919 0.129

-0.307

0.954

0.955

0.953

0.954

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lr

-0.137 0.034 0.204 0.374 -0.307 -0.137 0.034 0.204

0.890 0.564 0.365 0.392 0.951 0.896 0.842 0.481

0.887 0.560 0.153 0.183 0.948 0.895 0.834 0.393

0.889 0.560 0.154 0.183 0.950 0.900 0.837 0.405

0.889 0.559 0.153 0.183 0.950 0.898 0.837 0.411

0.374

0.490

0.217

0.181

0.107
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Table23. NozzleInternalStaticPressureRatiosP/Pt,j for Configuration 23

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt]2) = -0.50 yl(wt/2) = 0.50

x_ x/t,f

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

2.009 0.972 0.877 0.303 0.405 0.912 0.307 0.912 0.296

3.002 0.971 0.877 0.304 0.208 0.911 0.307 0.911 0.297

4.009 0.971 0.876 0.304 0.209 0.912 0.305 0.911 0.299

6.000 0.970 0.876 0.304 0.209 0.912 0.303 0.912 0.298

8.002 0.970 0.876 0.304 0.209 0.911 0.302 0.911 0.297

9.000 0.970 0.876 0.304 0.210 0.911 0.301 0.911 0.296

10.002 0.970 0.876 0.304 0.209 0.911 0.301 0.911 0.296

12.699 0.969 0.875 0.304 0.210 0.911 0.300 0.911 0.294

Lower flap

y/(wt/2 ) = 0.0 y/(wt_) = -0.50 y/(wt/2) = 0.50

x/Lf x/Lf x/Lf

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

2.009 0.974 0.881 0.297 0.431 0.914 0.293 0.917 0.340

3.002 0.969 0.877 0.294 0.209 0.912 0.300 0.914 0.305

4.009 0.967 0.875 0.293 0.209 0.912 0.301 0.912 0.296

6.000 0.966 0.874 0.292 0.209 0.912 0.300 0.912 0.295

8.002 0.965 0.874 0.291 0.209 0.911 0.299 0.911 0.294

9.000 0.965 0.874 0.291 0.209 0.912 0.299 0.911 0.293

10.002 0.965 0.874 0.291 0.209 0.911 0.298 0.911 0.293

12.699 0.965 0.874 0.291 0.209 0.911 0.298 0.910 0.292

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lf

NPR -0.264 -0.073 0.119 0.310 0.502 -0.264 -0.073 0.119 0.310

2.009 0.946 0.831 0.284 0.257 0.444 0.935 0.814 0.280 0.273

3.002 0.945 0.832 0.281 0.257 0.164 0.936 0.818 0.284 0.251

4.009 0.945 0.831 0.281 0.258 0.159 0.936 0.821 0.283 0.246

6.000 0.944 0.831 0.278 0.258 0.158 0.936 0.824 0.282 0.248

8.002 0.944 0.830 0.277 0.257 0.158 0.937 0.825 0.282 0.249

9.000 0.944 0.830 0.277 0.258 0.158 0.938 0.825 0.282 0.249

10.002 0.943 0.830 0.277 0.257 0.158 0.938 0.826 0.282 0.250

12.699 0.941 0.830 0.277 0.258 0.158 0.939 0.826 0.283 0.251

0.502

0.446

0.170

0.161

0.160

0.159

0.159

0.158

0.158
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NPR

2.002
3.001
4.005
6.014
8.003
9.005

10.000
12.420

Table24. NozzleInternalStaticPressureRatiosP/Pt,j for Configuration 25

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x_ xmf x_

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.970 0.875 0.302 0.371 0.910 0.305 0.910 0.293

0.971 0.875 0.303 0.229 0.911 0.304 0.911 0.296

0.970 0.875 0.304 0.228 0.911 0.302 0.910 0.295

0.970 0.875 0.303 0.227 0.911 0.301 0.911 0.295

0.969 0.875 0.303 0.227 0.911 0.299 0.911 0.294

0.969 0.875 0.303 0.226 0.910 0.299 0.911 0.294

0.969 0.875 0.303 0.225 0.911 0.298 0.911 0.294

0.969 0.874 0.303 0.224 0.910 0.297 0.911 0.293

NPR -0.368

2.002 0.974

3.001 0.968

4.005 0.966

6.014 0.965

8.003 0.964

9.005 0.964

10.000 0.963

12.420 0.964

Lower flap

y/(wt/2) = 0.0 y/(wt/'2) = -0.50 y/(wt]2) = 0.50

x/Lr x/Le x/El

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.880 0.301 0.354 0.914 0.295 0.914 0.353

0.875 0.299 0.226 0.911 0.303 0.914 0.310

0.874 0.298 0.225 0.911 0.303 0.913 0.294

0.873 0.297 0.224 0.911 0.301 0.913 0.290

0.873 0.296 0.223 0.911 0.300 0.911 0.289

0.873 0.296 0.223 0.910 0.299 0.911 0.289

0.873 0.296 0.222 0.911 0.299 0.911 0.289

0.873 0.296 0.221 0.911 0.298 0.910 0.288

NPR -0.264

2.002 0.944

3.001 0.945

4.005 0.944

6.014 0.944

8.003 0.944

9.005 0.943

10.000 0.943

12.420 0.942

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/t.r

-0.073 0.119 0.310 0.502 -0.264 -0.073 0.119 0.310

0.825 0.283 0.257 0.443 0.935 0.797 0.313 0.412

0.827 0.283 0.256 0.163 0.935 0.807 0.300 0.295

0.826 0.280 0.256 0.159 0.934 0.806 0.301 0.310

0.828 0.280 0.256 0.159 0.934 0.813 0.300 0.319

0.828 0.279 0.256 0.159 0.935 0.819 0.300 0.325

0.828 0.279 0.256 0.159 0.935 0.820 0.300 0.323

0.828 0.279 0.256 0.158 0.936 0.821 0.301 0.323

0.829 0.280 0.256 0.159 0.937 0.823 0.301 0.326

0.502

0.501

0.231

0.159

0.165

0.166

0.167

0.166

0.166
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NPR

2.005

2.996

4.004

6.012

8.000

9.008

9.752

Table 25. Nozzle Internal Static Pressure Ratios P/Pt.j for Configuration 26

(a,) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt]2 ) = 0.0 y/(wt]2) = -0.50 y/(wt]2 ) = 0.50

x/t,f X/El x/Lr

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.970 0.875 0.305 0.591 0.913 0.307 0.910 0.296

0.970 0.875 0.305 0.391 0.912 0.306 0.912 0.296

0.971 0.875 0.305 0.390 0.912 0.304 0.911 0.297

0.970 0.876 0.305 0.391 0.911 0.302 0.911 0.296

0.970 0.875 0.304 0.390 0.911 0.301 0.911 0.295

0.969 0.875 0.304 0.390 0.911 0.300 0.912 0.295

0.969 0.875 0.304 0.390 0.911 0.299 0.912 0.295

NPR

2.005

2.996

4.004

6.012

8.000

9.008

9.752

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x/Lf x/El x/Lr

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.969 0.879 0.300 0.592 0.914 0.294 0.914 0.353

0.966 0.874 0.298 0.389 0.912 0.301 0.913 0.309

0.965 0.873 0.297 0.389 0.910 0.302 0.912 0.294

0.964 0.873 0.296 0.390 0.911 0.300 0.912 0.289

0.964 0.873 0.296 0.390 0.910 0.298 0.911 0.288

0.963 0.872 0.295 0.389 0.910 0.298 0.911 0.288

0.963 0.873 0.295 0.389 0.910 0.298 0.911 0.288

NPR -0.264

2.005 0.944

2.996 0.945

4.004 0.945

6.012 0.944

8.000 0.944

9.008 0.943

9.752 0.943

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lr

-0.073 0.119 0.310 0.502 -0.264 -0.073 0.119 0.310

0.832 0.281 0.293 0.451 0.934 0.815 0.456 0.471

0.829 0.280 0.259 0.171 0.936 0.803 0.446 0.309

0.826 0.278 0.257 0.160 0.932 0.813 0.446 0.230

0.827 0.278 0.257 0.159 0.932 0.818 0.446 0.215

0.827 0.277 0.257 0.159 0.934 0.821 0.446 0.234

0.828 0.277 0.256 0.159 0.934 0.820 0.447 0.247

0.828 0.277 0.257 0.159 0.935 0.823 0.447 0.245

0.502

0.458

0.304

0.220

0.120

0.096

0.098

0.096
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NPR

2.004
3.006
4.006
6.009

7.157

Table 26. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 27

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x/El x/Lf x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.972 0.880 0.606 0.663 0.912 0.309 0.920 0.605

0.972 0.879 0.574 0.634 0.912 0.307 0.917 0.562

0.971 0.878 0.565 0.630 0.911 0.305 0.918 0.555

0.970 0.878 0.547 0.623 0.912 0.303 0.918 0.548

0.971 0.877 0.531 0.617 0.911 0.302 0.919 0.543

NPR -0.368

2.004 0.970

3.006 0.968

4.006 0.966

6.009 0.964

7.157 0.964

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.883 0.616 0.660 0.911 0.297 0.924 0.577

0.878 0.569 0.634 0.912 0.303 0.921 0.544

0.876 0.558 0.630 0.912 0.303 0.920 0.533

0.875 0.546 0.621 0.912 0.301 0.919 0.534

0.875 0.530 0.616 0.911 0.300 0.919 0.525

NPR -0.264

2.004 0.946

3.006 0.945

4.006 0.946

6.009 0.945

7.157 0.945

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x,/Lf

-0.073 0.119 0.310 0.502 -0.264 -0.073 0.119 0.310

0.830 0.286 0.622 0.641 0.945 0.869 0.822 0.477

0.824 0.283 0.492 0.623 0.936 0.844 0.808 0.329

0.827 0.282 0.478 0.619 0.939 0.853 0.808 0.360

0.828 0.281 0.455 0.610 0.940 0.864 0.805 0.165

0.828 0.281 0.445 0.604 0.941 0.863 0.804 0.138

0.502

0.500

0.321

0.230

0.152

0.083
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Table27. Nozzle Internal Static Pressure Ratios ])/i)t,j for Configuration 28

(a) Upper mid lower flap int, ernal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lf x/I__

NPR -0.368 -0.089

2.009 0.972 0.876

3.018 0.970 0.877

4.008 0.970 0.876

6.307 0.902 0.892

7.991 0.969 0.876

10.134 0.944 0.895

13.043 0.969 0.875

0.191 0.470 -0.140 0.051 -0.140 0.051

0.306 0.431 0.912 0.306 0.909 0.296

0.305 0.293 0.912 0.305 0.912 0.298

0.305 0.293 0.911 0.304 0.911 0.299

0.293 0.278 0.853 0.285 0.854 0.283

0.304 0.293 0.911 0.301 0.911 0.297

0.732 0.288 0.884 0.324 0.915 0.290

0.304 0.295 0.910 0.299 0.912 0.294

y/(wt/2)= o.o
x,%

NPR -0.368 -0.089 0.191 0.470

2.009 0.970 0.877 0.299 0.439

3.018 0.967 0.875 0.297 0.292

4.008 0.966 0.873 0.297 0.290

6.307 1.229 1.048 0.330 0.274

7.991 0.965 0.872 0.295 0.291

10.134 1.031 0.992 0.323 0.316

13.043 0.965 0.873 0.295 0.293

Lower flap

y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x[Lf x,/Lf

-0.140 0.051 -0.140 0.051

0.913 0.294 0.913 0.352

0.910 0.300 0.913 0.308

0.910 0.301 0.912 0.292

0.858 0.282 0.859 0.304

0.910 0.299 0.911 0.288

1.149 0.291 0.925 0.282

0.910 0.297 0.910 0.287

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

NPR -0.264 -0.073 0.119 0.310 0.502

2.009 0.943 0.818 0.279 0.259 0.422

3.018 0.944 0.823 0.278 0.257 0.161

4.008 0.946 0.826 0.278 0.256 0.159

6.307 0.877 0.944 0.268 0.244 0.152

7.991 0.944 0.828 0.277 0.257 0.158

10.134 0.911 0.847 0.327 0.250 0.169

13.043 0.942 0.829 0.277 0.257 0.158

Right sidewall

x/Lf

-0.264 -0.073 0.119 0.310 0.502

0.927 0.752 0.423 0.475 0.489

0.928 0.789 0.423 0.311 0.220

0.933 0.798 0.423 0.241 0.158

0.899 0.761 0.590 0.343 0.112

0.935 0.818 0.424 0.299 0.126

0.944 0.794 0.632 0.354 0.199

0.938 0.821 0.423 0.307 0.137
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Table28.NozzleInternalStaticPressureRatiosP/Pt,j for Configuration 29

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(w,/2) = o.o y/(wt/2) = -0.50 y/(wt/2 ) = 0.50

x/El x/If x/El

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

2.008 0.973 0.882 0.658 0.700 0.912 0.418 0.919 0.618

3.003 0.971 0.880 0.588 0.668 0.913 0.306 0.917 0.573

4.006 0.970 0.878 0.584 0.661 0.912 0.305 0.916 0.578

6.015 0.970 0.877 0.609 0.655 0.911 0.303 0.916 0.574

8.002 0.970 0.877 0.609 0.652 0.911 0.301 0.915 0.560

9.001 0.970 0.877 0.607 0.650 0.911 0.300 0.915 0.541

10.014 0.970 0.876 0.603 0.649 0.910 0.299 0.915 0.537

11.162 0.970 0.876 0.597 0.648 0.910 0.298 0.915 0.546

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x/Lf x/Lr x/Lf

NPR -0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

2.008 0.973 0.884 0.662 0.699 0.915 0.414 0.925 0.605

3.003 0.969 0.877 0.615 0.667 0.911 0.303 0.919 0.555

4.006 0.967 0.876 0.607 0.661 0.910 0.303 0.918 0.530

6.015 0.965 0.875 0.603 0.656 0.910 0.301 0.917 0.518

8.002 0.965 0.875 0.602 0.652 0.910 0.299 0.915 0.513

9.001 0.965 0.874 0.604 0.650 0.910 0.299 0.915 0.518

10.014 0.965 0.874 0.602 0.648 0.911 0.298 0.915 0.524

11.162 0.965 0.874 0.597 0.647 0.911 0.297 0.914 0.527

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x/Lf

NPR -0.264 -0.073 0.119 0.310 0.502 -0.264 -0.073 0.119 0.310

2.008 0.944 0.819 0.353 0.647 0.654 0.934 0.788 0.704 0.476

3.003 0.945 0.823 0.391 0.603 0.634 0.935 0.824 0.686 0.318

4.006 0.945 0.826 0.383 0.578 0.634 0.938 0.836 0.686 0.237

6.015 0.944 0.828 0.296 0.549 0.633 0.938 0.840 0.685 0.167

8.002 0.944 0.828 0.286 0.531 0.632 0.939 0.844 0.683 0.183

9.001 0.944 0.829 0.284 0.522 0.632 0.941 0.847 0.683 0.184

10.014 0.943 0.828 0.283 0.513 0.631 0.940 0.844 0.681 0.182

11.162 0.942 0.828 0.281 0.502 0.630 0.941 0.844 0.680 0.183

0.502

0.469

0.296

0.220

0.106

0.097

0.098

0.095

0.097
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Table29. NozzleInternalStaticPressureRatios P/Pt,j for Configuration 30

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt]2 ) = -0.50 y/(wt/2 ) = 0.50

x_ x_ x/_

0.191 0.470 -0.140 0.051 -0.140 0.051

0.815 0.793 0.934 0.695 0.954 0.843

0.808 0.783 0.933 0.691 0.952 0.842

0.804 0.781 0.933 0.693 0.953 0.846

0.803 0.781 0.931 0.697 0.954 0.852

NPR -0.368 -0.089

2.002 0.981 0.921

3.002 0.980 0.917

4.007 0.980 0.917

6.001 0.980 0.916

NPR -0.368

2.002 0.982

3.002 0.977

4.007 0.976

6.001 0.975

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt]2 ) = 0.50

x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.920 0.812 0.791 0.938 0.669 0.958 0.821

0.914 0.806 0.781 0.934 0.655 0.955 0.822

0.913 0.804 0.781 0.931 0.661 0.954 0.829

0.912 0.802 0.780 0.931 0.670 0.953 0.836

NPR -0.264 -0.073

2.002 0.960 0.865

3.002 0.957 0.863

4.007 0.959 0.864

6.001 0.958 0.864

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

X/El x/Lf

0.119 0.310 0.502 -0.264 -0.073 0.119 0.310

0.740 0.766 0.739 0.968 0.908 0.883 0.493

0.727 0.757 0.728 0.965 0.915 0.881 0.330

0.726 0.756 0.726 0.965 0.933 0.879 0.239

0.726 0.755 0.726 0.967 0.937 0.882 0.171

0.502

0.500

0.335

0.250

0.166
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NPR -0.368

2.001 0.972

3.004 0.971

4.003 0.971

6.004 0.970

8.005 0.970

8.990 0.969

9.997 0.970

12.239 0.969

Table 30. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 31

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
X/El X/El x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.878 0.308 0.431 0.913 0.305 0.910 0.297

0.876 0.305 0.206 0.912 0.304 0.911 0.298

0.877 0.306 0.205 0.911 0.302 0.911 0.299

0.876 0.305 0.205 0.911 0.302 0.911 0.299

0.876 0.305 0.206 0.911 0.301 0.911 0.298

0.876 0.304 0.206 0.911 0.300 0.911 0.297

0.875 0.304 0.205 0.911 0.299 0.911 0.297

0.875 0.304 0.206 0.910 0.299 0.911 0.296

NPR -0.368

2.001 0.976

3.004 0.971

4.003 0.968

6.004 0.967

8.005 0.966

8.990 0.965

9.997 0.965

12.239 0.965

Lower flap

y/(w/2) = o.o y/(w#) = -0.50 y/(w#) = o.5o
x/Lf x/I..,f x/l..,f

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.883 0.297 0.449 0.914 0.293 0.917 0.352

0.877 0.295 0.206 0.910 0.299 0.913 0.308

0.875 0.294 0.206 0.911 0.299 0.912 0.292

0.874 0.293 0.206 0.910 0.297 0.912 0.290

0.873 0.292 0.206 0.910 0.297 0.911 0.290

0.873 0.292 0.206 0.910 0.296 0.911 0.289

0.873 0.292 0.206 0.910 0.296 0.911 0.289

0.873 0.292 0.206 0.910 0.295 0.911 0.288

NPR -0.264

2.001 0.955

3.004 0.956

4.003 0.955

6.0O4 0.955

8.005 0.954

8.990 0.953

9.997 0.953

12.239 0.952

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Le x/Lf

-0.073 0.107 0.281 0.455 -0.264 -0.073 0.107 0.281

0.898 0.486 0.498 0.492 0.937 0.813 0.281 0.283

0.898 0.177 0.346 0.332 0.934 0.798 0.281 0.224

0.901 0.176 0.270 0.253 0.936 0.809 0.282 0.230

0.902 0.175 0.138 0.182 0.935 0.813 0.280 0.243

0.902 0.174 0.078 0.141 0.937 0.817 0.281 0.245

0.902 0.174 0.062 0.147 0.938 0.819 0.280 0.246

0.902 0.174 0.053 0.114 0.938 0.821 0.281 0.246

0.902 0.173 0.051 0.047 0.939 0.821 0.280 0.247

O.455

0.426

0.196

0.162

0.160

0.159

0.159

0.159

0.158
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NPR

1.999
3.019
4.003
6.012
8.028
9.023

10.026
11.379

Table31.NozzleInternalStaticPressureRatiosP/Pt j for Configuration 33

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt]2 ) = -0.50 y/(wt/2 ) = 0.50

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.972 0.876 0.305 0.558 0.911 0.306 0.911 0.296

0.970 0.877 0.305 0.310 0.911 0.306 0.911 0.299

0.971 0.877 0.305 0.289 0.910 0.304 0.911 0.299

0.970 0.876 0.305 0.288 0.911 0.303 0.911 0.299

0.970 0.876 0.305 0.288 0.911 0.301 0.911 0.298

0.970 0.876 0.304 0.289 0.910 0.300 0.911 0.297

0.970 0.876 0.304 0.289 0.910 0.300 0.911 0.296

0.969 0.875 0.304 0.289 0.910 0.299 0.911 0.296

NPR -0.368

1.999 0.971

3.019 0.967

4.003 0.966

6.012 0.965

8.028 0.965

9.023 0.965

10.026 0.965

11.379 0.965

Lower flap

y/(wt/2) = 0.0 y/(wt]2 ) = -0.50 y/(wt/2 ) = 0.50

x/t_ x_f x/_

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.878 0.299 0.557 0.916 0.295 0.915 0.353

0.875 0.296 0.309 0.910 0.299 0.914 0.308

0.872 0.296 0.287 0.910 0.299 0.912 0.292

0.872 0.295 0.286 0.910 0.297 0.911 0.287

0.873 0.294 0.288 0.910 0.297 0.911 0.287

0.872 0.294 0.288 0.910 0.297 0.911 0.287

0.873 0.294 0.289 0.910 0.296 0.911 0.286

0.873 0.294 0.289 0.910 0.296 0.911 0.286

NPR -0.264

1.999 0.955

3.019 0.956

4.003 0.954

6.012 0.954

8.028 0.954

9.023 0.953

10.026 0.953

11.379 0.952

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/El

-0.073 0.107 0.281 0.455 -0.264 -0.073 0.107 0.281

0.898 0.486 0.500 0.496 0.936 0.782 0.430 0.480

0.897 0.179 0.346 0.331 0.931 0.789 0.425 0.315

0.900 0.177 0.274 0.252 0.933 0.807 0.426 0.277

0.901 0.176 0.137 0.179 0.933 0.816 0.425 0.293

0.902 0.176 0.078 0.144 0.935 0.814 0.424 0.300

0.902 0.176 0.061 0.147 0.935 0.817 0.424 0.296

0.902 0.175 0.053 0.109 0.936 0.819 0.424 0.298

0.902 0.175 0.051 0.055 0.937 0.819 0.424 0.302

0.455

0.458

0.211

0.142

0.131

0.134

0.137

0.138

0.137

57



NPR

2.007
3.012
4.010
6.006
6.528
6.586

Table32.NozzleInternalStaticPressureRatiosp/pt,j for Configuration 34

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x_ x/Lf x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.971 0.879 0.594 0.648 0.909 0.306 0.916 0.572

0.970 0.878 0.446 0.549 0.910 0.304 0.913 0.510

0.970 0.877 0.428 0.468 0.911 0.303 0.913 0.503

0.970 0.876 0.422 0.471 0.910 0.302 0.913 0.498

0.970 0.876 0.422 0.471 0.910 0.302 0.913 0.497

0.970 0.876 0.421 0.471 0.910 0.301 0.913 0.497

NPR -0.368

2.007 0.969

3.012 0.966

4.010 0.966

6.006 0.965

6.528 0.965

6.586 0.965

Lower flap

y](wt/2 ) = 0.0 y/(wtf2 ) = -0.50 y/(wt]2 ) = 0.50

x/Lf x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.879 0.619 0.647 0.912 0.293 0.920 0.565

0.874 0.445 0.550 0.910 0.299 0.914 0.457

0.873 0.426 0.462 0.910 0.299 0.914 0.430

0.873 0.414 0.464 0.910 0.298 0.913 0.422

0.873 0.413 0.466 0.910 0.297 0.913 0.430

0.873 0.413 0.466 0.910 0.297 0.913 0.433

NPR -0.264

2.007 0.954

3.012 0.955

4.010 0.955

6.006 0.954

6.528 O.954

6.586 0.954

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x/Lf x]Lf

-0.073 0.107 0.281 0.455 -0.264 -0.073 0.107 0.281

0.895 0.472 0.499 0.494 0.930 0.813 0.699 0.507

0.898 0.180 0.346 0.333 0.934 0.809 0.654 0.337

0.899 0.180 0.273 0.251 0.932 0.822 0.649 0.241

0.901 0.178 0.138 0.176 0.934 0.829 0.650 0.157

0.901 0.178 0.113 0.147 0.935 0.829 0.651 0.146

0.901 0.178 0.111 0.146 0.934 0.828 0.650 0.148

0.455

0.449

0.289

0.210

0.091

0.079

0.076
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Table33. Nozzle,InternalStaticPressureRatiosP/Pt.j for Configuration 35

(a) Upp_'r and lower flap internal static l>rcssur_, ratios

Upper flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x& x_ x_

NPR -0.368 -0.089

2.006 0.975 0.892

3.006 0.975 0.886

3.995 0.974 0.884

5.003 0.974 0.885

5.598 0.974 0.885

0.191 0.470 -0.140 0.051 -0.140 0.051

0.693 0.662 0.918 0.456 0.938 0.749

0.615 0.588 0.915 0.310 0.931 0.713

0.598 0.532 0.915 0.307 0.932 0.715

0.597 0.531 0.915 0.307 0.932 0.727

0.596 0.532 0.914 0.306 0.932 0.731

y/(wt/2)= o.o
x&

NPR -0.368 -0.089 0.191 0.470

2.006 0.973 0.892 0.686 0.660

3.006 0.971 0.884 0.605 0.587

3.995 0.968 0.880 0.588 0.530

5.003 0.969 0.881 0.587 0.530

5.598 0.968 0.881 0.587 0.530

Lower flap

y/(wt]2 ) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lf

-0.140 0.051 -0.140 0.051

0.915 0.432 0.938 0.721

0.912 0.305 0.934 0.687

0.912 0.306 0.931 0.690

0.912 0.304 0.932 0.695

0.912 0.304 0.932 0.701

NPR -0.264 -0.073

2.006 0.959 0.907

3.006 0.957 0.899

3.995 0.957 0.904

5.003 0.957 0.902

5.598 0.957 0.902

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

0.107 0.281 0.455 -0.264 -0.073

0.488 0.500 0.498 0.965 0.915

0.184 0.351 0.332 0.951 0.891

0.171 0.277 0.253 0.956 0.903

0.175 0.240 0.202 0.952 0.895

0.175 0.167 0.193 0.953 0.900

Right sidewall

x/Lf

0.107

0.886

0.856

0.860

0.856

0.857

0.281

0.497

0.330

0.239

0.199

0.181

0.455

0.503

0.335

0.252

0.200

0.177
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NPR -0.368

2.002 0.975

3.006 0.973

3.500 0.974

4.001 0.973

4.504 0.973

5.000 0.973

6.006 0.973

7.012 0.973

8.007 0.973

8.999 0.972

9.996 0.972

11.025 0.972

11.991 0.972

12.781 0.972

Table 34. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 36

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(w¢2) = o.o y/(wtt2) = -0.50 y/(wt]2 ) = 0.50

x/Lf x/l.,f x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.1_ 0._1

0.900 0.457 0.455 0.921 0.691

0.901 0.456 0.313 0.919 0.687

0.902 0.455 0.133 0.919 0.687

0.901 0.454 0.133 0.919 0.686

0.901 0.453 0.134 0.918 0.686

0.901 0.452 0.134 0.918 0.685

0.901 0.451 0.134 0.918 0.685

0.901 0.451 0.133 0.918 0.685

0.901 0.451 0.133 0.917 0.685

0.900 0.450 0.133 0.917 0.685

0.900 0.451 0.133 0.917 0.684

0.900 0.451 0.133 0.917 0.684

0.900 0.451 0.133 0.917 0.683

0.900 0.451 0.133 0.917 0.683

0.921 0.681

0.921 0.677

0.920 0.677

0.921 0.676

0.921 0.675

0.921 0.675

0.921 0.674

0.921 0.674

0.921 0.674

0.921 0.673

0.921 0.673

0.921 0.673

0.921 0.673

0.921 0.673

NPR -0.368

2.002 0.976

3.006 0.973

3.500 0.972

4.001 0.972

4.504 0.970

5.000 0.970

6.006 0.970

7.012 0.970

8.007 0.970

8.999 0.970

9.996 0.970

11.025 0.971

11.991 0.971

12.781 0.971

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50
x_ x]Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051

0.911 0.255 0.530 0.924 0.109

0.908 0.253 0.227 0.920 0.111

0.906 0.253 0.227 0.920 0.111

0.906 0.253 0.227 0.919 0.111

0.905 0.253 0.226 0.920 0.112

0.905 0.252 0.226 0.919 0.112

0.905 0.252 0.226 0.919 0.112

0.905 0.251 0.226 0.920 0.112

0.905 0.251 0.226 0.920 0.112

0.905 0.251 0.226 0.920 0.111

0.905 0.250 0.226 0.919 0.111

0.905 0.250 0.226 0.919 0.111

0.905 0.250 0.226 0.919 0.111

0.906 0.249 0.226 0.920 0.110

-0.140 0.051

0.924 0.499

0.922 0.332

0.922 0.286

0.921 0.250

0.920 0.221

0.920 0.200

0.920 0.166

0.920 0.142

0.918 0.125

0.919 0.111

0.918 0.099

0.918 0.089

0.918 0.082

0.918 0.076
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NPR

2.002
3.006
3.500

4.001

4.504

5.000

6.006

7.012

8.007

8.999

9.996

11.025

11.991

12.781

-0.264

0.951

0.951

0.952

0.952

0.951

0.951

0.951

0.951

0.950

0.950

0.950

0.949

0.949

0.948

-0.073

0.848

0.850

0.851

0.852

0.852

0.852

0.854

0.854

0.854

0.854

0.854

0.854

0.855

0.855

Table 34. Concluded

(b) Sidewall internal static pressure ratios

Left sidewall

x/Lf

0.119 0.310 0.502 -0.264 -0.073

0.491 0.258 0.438 0.939 0.804

0.492 0.235 0.290 0.938 0.817

0.490 0.235 0.184 0.937 0.819

0.490 0.235 0.154 0.937 0.829

0.490 0.236 0.141 0.937 0.828

0.489 0.235 0.135 0.939 0.833

0.489 0.235 0.128 0.940 0.837

0.489 0.235 0.123 0.940 0.837

0.489 0.235 0.121 0.941 0.841

0.489 0.235 0.119 0.942 0.844

0.489 0.235 0.118 0.943 0.845

0.489 0.235 O.118 0.944 0.845

0.490 0.235 0.117 0.944 0.847

0.491 0.235 0.117 0.945 0.847

Right sidewall

x/Lf

0.119

0.490

0.490

0.490

0.489

0.488

0.489

0.490

0.490

0.489

0.490

0.490

0.490

0.490

0.490

0.310

0.315

0.210

0.209

0.222

0.221

0.225

0.226

0.226

0.228

0.229

0.229

0.228

0.230

0.229

0.502

0.463

0.307

0.162

0.133

0.120

0.113

0.116

0.118

0.117

0.117

0.117

0.116

0.115

0.117

61



NPR

2.010
3.013
4.004
6.005
8.003

9.008

10.010

10.502

Table 35. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 38

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2 ) = 0.50

x_ _ x/t.f

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.497 0.498 0.498 0.497 0.497 0.498 0.498 0.497

0.332 0.332 0.332 0.332 0.332 0.332 0.332 0.332

0.250 0.250 0.250 0.250 0.250 0.250 0.250 0.250

0.167 0.166 0.167 0.166 0.167 0.167 0.167 0.167

0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125

0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111

0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100

0.095 0.095 0.096 0.095 0.095 0.095 0.095 0.095

NPR

2.010

3.013

4.004

6.005

8.003

9.008

10.010

10.502

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2 ) = 0.50

x/Lf x/Lf x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.501 0.498 0.498 0.498 0.498 0.498 0.499 0.497

0.334 0.332 0.332 0.332 0.331 0.333 0.333 0.332

0.251 0.250 0.250 0.250 0.249 0.250 0.250 0.250

0.167 0.167 0.167 0.167 0.167 0.167 0.167 0.167

0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125

0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111

0.100 0.100 0.100 0.100 0.1130 0.100 0.100 0.100

0.096 0.096 0.095 0.095 0.095 0.095 0.095 0.095

NPR -0.264

2.010 0.496

3.013 0.331

4.004 0.249

6.005 0.167

8.003 0.126

9.008 0.111

10.010 0.100

10.502 0.095

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x_f x_f

-0.073 0.107 0.281 0.455 -0.264 -0.073 0.107 0.281

0.497 0.497 0.498 0.498 0.498 0.497 0.497 0.496

0.332 0.331 0.331 0.332 0.332 0.331 0.332 0.330

0.250 0.250 0.250 0.250 0.250 0.249 0.250 0.249

0.167 0.167 0.167 0.167 0.167 0.166 0.167 0.166

0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125

0.111 0.111 0.111 0.111 0.111 0.111 0.111 0.111

0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.099

0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.095

0.455

0.495

0.331

0.248

0.166

0.125

0.111

0.099

0.095
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NPR -0.368

1.997 0.970

2.000 0.971

3.011 0.971

3.512 0.972

4.001 0.971

6.000 0.970

7.998 0.969

10.003 0.969

12.009 0.968

Table 36. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 39

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x/l_ x/El x_r

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.877 0.378 0.470 0.911 0.243

0.877 0.377 0.469 0.910 0.242

0.877 0.278 0.241 0.911 0.247

0.877 0.278 0.122 0.910 0.249

0.877 0.279 0.098 0.911 0.249

0.877 0.278 0.099 0.911 0.250

0.877 0.278 0.099 0.910 0.250

0.876 0.277 0.099 0.910 0.249

0.876 0.277 0.099 0.909 0.248

0.908 0.240

0.912 0.241

0.909 0.247

0.910 O.249

0.910 0.252

0.910 0.253

0.911 0.252

0.910 0.251

0.910 0.250

NPR -0.368

1.997 0.974

2.000 0.975

3.011 0.969

3.512 0.968

4.001 0.966

6.000 0.965

7.998 0.965

10.000 0.964

12.009 0.964

Lower flap

y/(wt/2 ) = 0.0 y/(wt/2 ) = -0.50 y/(wt/2 ) = 0.50

x/l__ x/El x/Lf

-0.089 0.191 0.470 -0.140 0.051

0.880 0.276 0.456 0.913 0.241

0.881 0.276 0.456 0.914 0.241

0.875 0.276 0.312 0.913 0.246

0.875 0.275 0.254 0.912 0.248

0.873 0.275 0.099 0.912 0.250

0.872 0.275 0.099 0.912 0.251

0.871 0.274 0.099 0.912 0.250

0.871 0.275 0.099 0.911 0.249

0.870 0.275 0.100 0.911 0.249

-0.140 0.051

0.916 0.501

0.915 0.501

0.913 0.333

0.912 0.285

0.911 0.250

0.911 0.167

0.910 0.125

0.910 0.100

0.909 0.083

63



NPR -0.264 -0.073

1.997 0.944 0.827
2.000 0.943 0.832
3.011 0.945 0.826
3.512 0.945 0.830
4.001 0.945 0.828
6.000 0.945 0.829
7.998 0.944 0.829

10.000 0.943 0.829
12.009 0.942 0.829

Table36. Concluded

(b) Sidewallinternalstaticpressureratios

Leftsidewall
x/Lf

0.119 0.310 0.502 -0.264 -0.073

0.280 0.344 0.475 0.934 0.776

0.279 0.343 0.474 0.942 0.848

0.279 0.203 0.211 0.929 0.820

0.279 0.203 0.141 0.932 0.819

0.278 0.202 0.142 0.933 0.803

0.277 0.203 0.142 0.934 0.814

0.276 0.202 0.142 0.935 0.822

0.276 0.202 0.142 0.936 0.824

0.276 0.202 0.142 0.937 0.822

Right sidewall

x/Lr

0.119

0.280

0.300

0.287

0.284

0.282

0.282

0.282

0.283

0.283

0.310

0.386

0.361

0.230

0.198

0.187

0.178

0.203

0.205

0.203

0.502

0.513

0.515

0.234

0.175

0.153

0.130

0.142

0.142

0.143
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NPR

2.006
2.999
3.500
4.002
6.010
8.006

10.000
10.786

Tabl¢_37. NozzleInternalStaticPr(_ssureRatiosP/Pt..) for Confirm'at,ion 10

(a) UpI)(,r and lower flap internal static t)rcssur(' ralios

Upper flap

y/(wt/2 ) = 0.0 y/(wt/2) = -0.50 y/(wt/2 ) = 0.50

x/L r x/Lr x/Lr

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.971 0.876 0.285 0.565 0.910 0.243 0.908 0.331

0.971 0.877 0.279 0.343 0.910 0.248 0.910 0.323

0.970 0.878 0.278 0.340 0.911 0.248 0.908 0.323

0.969 0.877 0.278 0.339 0.910 0.249 0.908 0.327

0.969 0.877 0.277 0.333 0.910 0.249 0.910 0.331

0.969 0.876 0.277 0.330 0.909 0.249 0.910 0.273

0.968 0.876 0.276 0.330 0.909 0.248 0.910 0.250

0.950 0.901 0.722 0.352 0.891 0.270 0.892 0.248

NPR

2.006

2.999

3.500

4.002

6.010

8.006

10.000

10.786

Lower flap

y/(wt/2 ) = 0.0 y/(wt/'2 ) = -0.50 y/(wt/2) = 0.50

x/Lf x/Lf x/Lf

-0.368 -0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.971 0.878 0.293 0.557 0.912 0.241 0.914 0.498

0.966 0.873 0.275 0.352 0.910 0.246 0.910 0.333

0.966 0.871 0.275 0.347 0.911 0.248 0.911 0.286

0.965 0.870 0.275 0.344 0.911 0.249 0.911 0.250

0.964 0.869 0.275 0.341 0.910 0.251 0.910 0.166

0.964 0.869 0.274 0.340 0.910 0.250 0.909 0.125

0.964 0.869 0.274 0.341 0.911 0.249 0.909 0.100

1.040 0.855 0.298 0.364 1.425 0.244 0.892 0.094

NPR -0.264

2.006 0.943

2.999 0.944

3.500 0.945

4.002 0.945

6.010 0.944

8.006 0.944

10.000 0.943

10.786 0.919

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

x_f x/_

-0.073 0. I 19 0.310 0.502 -0.264 -0.073 0.119 0.310

0.828 0.281 0.331 0.492 0.936 0.807 0.549 0.478

0.829 0.280 0.202 0.270 0.934 0.807 0.525 0.264

0.828 0.280 0.203 0.141 0.930 0.808 0.520 0.216

0.829 0.280 0.203 0.142 0.933 0.828 0.519 0.189

0.828 0.279 0.202 0.142 0.931 0.817 0.515 0.143

0.829 0.279 0.202 0.142 0.933 0.818 0.513 0.148

0.829 0.280 0.201 0.142 0.935 0.822 0.512 0.150

0.855 0.328 0.205 0.142 1.142 0.816 0.615 0.203

0.502

0.488

0.325

0.278

0.236

0.095

0.074

0.075

0.076
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NPR -0.368

2.004 0.974

4.005 0.971

6.005 0.970

8.007 0.970

9.993 0.970

10.549 0.970

Table 38. Nozzle Internal Static Pressure Ratios P/Pt,j for Configuration 41

(a) Upper and lower flap internal static pressure ratios

Upper flap

y/(w_2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x/Lt x/Lf x/Lf

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.880 0.426 0.611 0.913 0.246 0.916 0.602

0.880 0.370 0.404 0.912 0.250 0.918 0.621

0.879 0.370 0.401 0.911 0.251 0.919 0.625

0.879 0.399 0.398 0.911 0.250 0.918 0.600

0.878 0.399 0.397 0.911 0.249 0.918 0.569

0.878 0.399 0.397 0.910 0.249 0.918 0.569

NPR -0.368

2.004 0.973

4.005 0.967

6.005 0.966

8.007 0.965

9.993 0.966

10.549 0.965

Lower flap

y/(wt/2) = 0.0 y/(wt/2) = -0.50 y/(wt/2) = 0.50

x_ x/Lf x/Lt

-0.089 0.191 0.470 -0.140 0.051 -0.140 0.051

0.879 0.422 0.610 0.914 0.242 0.922 0.499

0.874 0.392 0.406 0.913 0.252 0.920 0.250

0.873 0.400 0.406 0.912 0.253 0.919 0.167

0.872 0.401 0.406 0.912 0.252 0.918 0.125

0.872 0.400 0.404 0.912 0.251 0.918 0.100

0.872 0.400 0.404 0.912 0.250 0.918 0.095

NPR -0.264

2.004 0.948

4.005 0.946

6.005 0.946

8.007 0.946

9.993 0.944

10.549 0.944

(b) Sidewall internal static pressure ratios

Left sidewall Right sidewall

,,_ x/Lt

-0.073 0.119 0.310 0.502 -0.264 -0.073 0.119 0.310

0.826 0.281 0.406 0.559 0.941 0.855 0.799 0.518

0.828 0.280 0.205 0.332 0.941 0.873 0.791 0.264

0.829 0.278 0.204 0.315 0.941 0.869 0.791 0.066

0.830 0.279 0.203 0.304 0.942 0.873 0.793 0.047

0.830 0.279 0.203 0.301 0.944 0.875 0.794 0.037

0.830 0.279 0.203 0.300 0.944 0.875 0.794 0.035

0.502

0.486

0.229

0.151

0.097

0.076

0.069
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(a) Three-quarterviewof configuration19.

Figure2. Photographsshowingnozzleconfigurations19,37,and30.

L-88-6834
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ORIGINAL P,AGE

BLACK AND WHITE PHOTOGRAPH

flaps

(b) Side view of configuration 19.

Figure 2. Continued.

L-88-6840
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flaps

Yaw

(c) Side view of configuration 37; left sidewall removed.

Figure 2. Continued.

L-92-10789
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,,,.__L) W }41TE Pi-IOTOGR _,_'",",

Divergent
flaps

Yaw i:i!iiii

deflectors

(d) Side view of configura,tion 30; left sidewall removed.

Figure 2. Concluded.

L-92-10792
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7.50

Side view

3.75

-- 4- Nozzle centerline -0.874-

2.78

1 -

I Is,a. S'_ewa"--/
Sta. 41.63

41.13

A e/A t h b Lf

1.30

1.80

2.30

1.138

1.574

2.012

6.485

6.472

6.446

3.937

3.937

3.937

(a) Unvect, ored nozzles.

Figure 3. Internal nozzle geometry. All dimensions are ill inches unless otherwise noted.
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Side view

6.36

7.50

3.75

m4_
2.78

1
Nozzle centerline

0.574

l 20 °

5.1 °

I
]-,

Sta.
41.13

Sidewall y

(b) Pitch-vectored nozzle, (Sv,p = 20 °, A_/At = 1.8.

Figure 3. Concluded.
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Three-quarter view
(left sidewall removed)

Wetted surfaces

Nonwetted surfaces

Side view

(left sidewall removed)

End view

(looking upstream)

A A

t-

Section A-A Three-quarter view
(top flap and left sidewall removed)

Right sidewall-- -- ____-"

Yaw deflector _ I

Divergent flap -_

Convergent flap-___

(a) Installation uf medium yaw deflectors, r_defl : 60 °.

Figure 4. Static test model showing installation and details of deflector flaps. All dimensions are in inches
unless otherwise noted.
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Divergent flap details (top view)

Deflector hingelines

/ l
340 27 °

,,,,e0,ur,-,::
Short, _

Tall

Nozzle throat

I
Nozzle exit

I

Deflector sizes and shapes
(view normal to hingeline)

735

.498 _"_ _ Tall .778

I_ 3.564 _--Jr +

4.229
4.381

1.025r* °386-__7{_21J_ Me0ium
_ 4.416 _ *

.458_ "676 r_t-
Short _ .570

q_ _ 3.564 _ _-_-
4.405

Flow

Deflector rotation angles, _lefl

(view along hingeline)

0 o

I I

/14_°

(b) Details of divergent flaps and yaw deflectors.

Figure 4. Concluded.
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__i_1-
.50

-< 501--

6.00

Flow ,_

Top view

Side view

Nozzle centerline

End view

3.00

i

Xs/L f c

0.55 4.70

.70 5.28

(a) Undeflected sidewalls. _ = 0 °.

Figure 5. Nozzle sidewall geometry. All dimensions are in inches unless otherwise noted.
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Top view

r
1.5

I
V

6.00

2.55

5.02

_/'_ 2.73

60 °

Side view

Nozzle centerline __

7o

1
3.00

End view

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I

Flow _._

(b) Deflecte(] sidewall. 0 = 25°; X._/Lf = 0.70.

Figure 5. Concluded.
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Static pressure orifice locations

x, in. Station, in. x/Lf

-1.45
-.55
-.35
.20
.75

1.85

42.23
43.13
43.33
43.88
44.43
45.53

-0.368
-.140
-.089

.051

.191

.470

Side view

Sta. 41.13

1_2.55_--_

m --+

-_"" X

B

m _

4. )0

View B-B

Throat

---O- _O-

-O--O-

--O-- 40.

!
Exit

_ O- -_O

Wt

Right row, y/_ = 0.5

row, y/_- = 0Centerline

W t

Left row, y/-_- = -0.5

Figure 6.

(a) Upper and lower flaps.

Nozzle static pressure orifice locations. All dimensions are in inches unless otherwise noted.
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Static pressure orifice locations

Sidewall x, in. Station, in. x/Lf

Xs/L f O

0.55 0 °

_t

0.70
I

_V
25 °

_r Iv

-1.209
-.538

.133

.804
1.474

-1.041
-.287
.467

1.221
1.976

-1.041
-.287

.423
1.107
1.791

42.471
43.142
43.813
44.484
45.154
42.639
43.393
44.147
44.901
45.656
42.639
43.393
44.103
44.787
45.471

-0.307
-.137

.034

.204

.374
-.264
-.073

.119

.310
.502

-.264
-.073
.107
.281
.455

C

Side view

I
Throat

I
__ __o__o___oI _ -,_ __

/

,, C

(b) Left and right sidewalls.

Figure 6. Concluded.

Section C-C
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Figure 13. Effect of sidewall modifications on nozzle internal performance charact(*ristics with A,/A/ = 1.8,
b_,p : 0 °, and tall deflectors.

93



F/F i

FdFi

wp/wi

1.00

.96

.92

.88

.84

.80

.76

.72

1.00

.96

.92

.88

.84

.80

.76

.72

1.00

.96

.92

.88

.84

.80

4!
: !

" t • _ I r W r :

: ! ' ' i
i ! I i i : , , ' : ! : " i
! I , i

i i ,

.....f-! r

! ''[[ i

1 3 5 7 9 11

NPR

deg

; _I;T:

13 15

(b) 6deft=30 °

Xs/L f e, deg

O 0.70 0

[] 0.70 25

O 0.55 0

2O

• ]' _, ! li, +

10 it :;I:_i ii r:" 1,' ;

5

-5 : :_I:;;:1::

-10

-15 : i:!ll!_I!!ll:lli-itl_;

-20 i:: +_- it: ......,_ .... !?! ;iiIi;;

20

15

10

5

0

-5

-10

-15

-20

i t_TTrTT_

ii_i!! :...... _ii ;'f

"++ ._ilii 4

"'I ":':'_'_ ii" T[: Ifi ..... i

*'+ it* ..... :it "_t ''_ **t
i!f TTr il; :_T 'i! 'Tt kff

l 3 5 7 9 ll 13 15

NPR

Figure 13. Continued.

94



1.00

.96

.92

F/Fi .88

+ _ +4tli !i: _t ¸ _ti i

[ ii i !ii i i i!
+ l++i '_,I II I I! ;
il;: :k ::!l 'l!kil_:,l:il'

.84 i_ _:_...O<'_3;i, !: !

.76 '_] if!

1.00

.76

Wp/Wi

1.00 i i

_'Iiii! :;!ill', i!i_

.88 ' "il + t +' " ''i + ; + .

.84 i. !t_. .++ _'+++_,_,.,,:++'++ +
, + + ' I ' +'+ : ' + I J
, ; + I • + _ + .

+,! t.
.80

.... i

i , r

.76

.72 '
1 3 5

i

i ,

7 9 11 13 15

Xs/Lf 0, deg

0 0.70 0

[] 0.70 25
O 0.55 0

NPR

(c) +,-tetl= 60°.

35

30

25

_, deg 20

15

10

Figure 13. Continued.

:;L

:-f
5 T:-

...... +'+ :_+':!I i"0 ;;+ ;+_+f" t., ,

1 3 5 7 9 11 13 15

NPR

95



F]Fi

Fr/Fi

Wl_/Wi

1.00

.96

.92

.88

.84

.80

.76

1.00

.96

.92

.88

.84

.80

.76

1.00

.96

.92

.88

.84

.80

.76

.72

_iV_I

f,! ....

i!l ;

[ - i I i :

• , t ' : : ....

_:!;i! .... i _ i _ ii_ !
i ! ! 1 i ! ! i

i _i::! i

-_ _i t _ i I i it _ v [ :li i' :
i i , i i : t _ !

_p, deg 0

-5

-10

-15

-20

40

35

30

25

15y,deg 20

15

10

5

0

, i >

I

i '

i

1 3 5 7 9 11 13 15

NPR

(d) _ctefl = 90°.

Figure 13. Concluded.

Xs]L f 0, deg

© 0.70 0

[] 0.70 25

O 0.55 0

20

10 !!i '__'" i_, ,,, ....

5

;_ .....

!iit!i ,i:ii:::,i; ,il ii:i
" " * r ! "- I i _ " t ! r" t i 7 " i ! t " * ;

3 5 7 9 11 13 15

NPR

96



NPR

0 2._1
[] 4._3
0 6.0o4

8._5
9._7

12.239

p/p_

1.0

.9

.8

.7

.6

.5

.4

.3

.2

.1

0

Upper flap, y/(w t / 2) = 0.0

:!i!i i__,+ _

0.528

Lower flap, y/(w t / 2) = 0.0

,!;l_.rt; ., il _. +.;

:•if'! ![!!ii_!i+4!. i+t
+-, !++I!?+I!!,1+!!I!++
' + _ I' +
• + +.+ +t i+.l .+l_.i

!:1 ; I+;+I+:: ::;I; i

0.528

P/Pt,j

Left sidewall
1.0

.9 ' _'iiii!!ili-_i
!+I ii: : : :

.6 ;+:'i._';i. '"+., :_

'': + + t + _ +_ 0.528
.5 ++, i++ _. ,t.l"-i._; :_.

+!.i++-i,+.i15+ , ,,+i.
?+TlP++lT_'llr!l+'T ,+++

.4 ++,.+,+,++,,,p,,+.;,;+,

ii iifi'  
, i
0 ":+ I ++I+] '++ 'p ..... ! '

-.6 -.4 -.2 0 .2 .4 .6

0.528

x/Lf x/Lf

Figure 14. Effect of nozzle pressure ratio on internal static pressure distribtttions with A+_/At = 1.8, 6t,,p

X_/Lf = 0.70, 0 = 25 ° , and b<b fl = 0 °.

= 0 °.

97



X_'Lf O,deg

0 0.70 0
[] 0.70 25

0 0.55 0

P/Ptj

1.0

.9

.8

.7

.6

.5

.4

.3

.2

•] Lii

0 L

Upper flap, y/(w t / 2) = 0.0

]:i i, !:" i:

0.528

tll ti 'i' "

tii' iit
r _ , .4 r

_'T t-ttl t

!:!!

i! I 1

'' 'i >
_ i I , i

.... _,,[ i "[! i I i

, i ,_ ; { i! [
I i , I I

: .... _ i =*: :i i:
: , il i

Lower flap, y/(w t / 2) = 0.0

s:i]_ -L..2 _+_

_ .1.;_

-! i-1
i

ii._ L;,_+,......

'T ,-e i.I

_,_--t,

!t_

i f ft tt

0.528

P/Pt,j

1.0

.9

.8

.7

.6

.5

.4

.3

.2

.1

Left sidewall

!:i:t:!!!i¸

!!I ! ] 0.528

:t_i

0 Iil ....... I_ii .......

-.6 -.4 -.2 0 .2 .4 .6

x/Lf x/Lf

(a) 6de fl = 0 °.

Figure 15. Effect of sidewall modifications on internal static pressure distributions with Ae/At = 1.8, 6v,p
and tall deflectors at nominal NPR of 4.0.

98



.9 J;i !!i +_i_ ill !_i
.8 _'

+,i ,_! ii!

.7 iil
!tl

p/p_

.2

.1

0

1.0

.9

.8

.7

.6

P/Pt,j .5

.4

.3

.2

.1

Xs/L f 0, deg

© 0.70 0

[] 0.70 25

0.55 0

Upper flap, y/(w t / 2) = 0.0

" " ' | 4 + * I • - _ t • • _

_"'_ _]ii1i!.l _: ill
t + .... + . r.+ +* +

.6 " rt. , ,+,, 1

[[[ t:''!' ' ,!;,,

++, i;l

i ....

_ + t..i • • l .
: ;

!r'l" .I; .l+ .I.:.l; .
• i

+ -t_ +1,,;i, , i . ; _ + +

! :

0.528

Lower flap, y/(w t / 2) = 0.0

:t.!; i i _!\,_';t _tt
: !' i i!i : ' I

:!:_:it_! 1!.!1+,,' i _fi:!!
i! I'+ .... :,:
_--,'. _ o i , -,+[ I _, r . • 1_ I

_+ i • + :

i+ +

?*?17 ?17: ...... ?ill i

Left sidewall
+ .

L

,,:t ;

x/Lf

0.528

Right sidewall

i , !.

: i;

if if'' "

t!_ .

: i +

\,
&

\
Y

. ]

-.6 -.4 -.2 0 .2 .4 .6

x/Lf

(b) 6,tefl = 30 °.

Figure 15. Continued.

0.528

0.528

99



1.0

.9

.8

.7

.6

P/Pt,j .5

.4

P/Pki

Xs/L f 0, deg

O 0.70 0

[] 0.70 25

O 0.55 o

Upper flap, y/(w t / 2) = 0.0
i

i!lli!

i i: ,

: t . :

'' W!

.3
i i ............

2 .... i .... I i i i

.1

. i,i _i i, i11: Ii .
0

0.528

Lowerflap, y/(wt/2)=0.0
..... i

i J i ]I I1_

1 ! i i _i;

,,! b_ i ;:i_ !I

iii i, ;: i' ill lii

_l,, _ Ii lil :i:: i ,ii ,i

i ! :

0.528

1.0 "

.9

.8

.7

.6

.5

Left sidewall

i i

!!_,i

i, '!

.4
\\

.3

!i. :

.1 il
0
-.6 -.4 -.2

/.o ¸

0 .2 .4 .6

x/Lf

0.528

Right sidewall

I .

!,
i i i ' i I

i!:!,!:i!

!': _i: 'i: 0.528i i,!_i|

i_!

_:i_; !i_ J_' i r

-.6 -.4 -.2 0 .2 .4 .6

x/Lf

(c) 6dctt = 60 °.

Figure 15. Contimmd.

100



Xs/L f O, deg

P/Ptd

Upper flap, y/(w t/2) = 0.0

1.0 i%

.9 !_ • ,

.8

.7

.6 :

.5

.4 ......

.3

[ I:

/

V

.2 ' ' :

.1 ......

0

Left sidewall
1.0

.9

.8

.7

.6

] : i i i i

P/Ptj .5 .....

.4

.3

.2

.1

0
-.6 -.4 -.2 0 .2 .4 .6

x/Lf

0 0.70 0
E] 0.70 25

0 0.55 o

Lower flap, y/(w t / 2) = 0.0

,,,-

0.528

........ i I •

' ,.El ' 0.528
....... ag ' ,

........... k,/ ....
_/

Right sidewall

0.528 , , 0.528

-.6 -.4 -.2 0

x/Lf

.2 .4 .6

(d) b,tcl I 90 °.

Figure 15. Conchtdcd.

101



1.00 By,p, deg

0

[]

0

20

F/F i

Fr/Fi

WdWi

.88

.84

.80

.76

.72

1.00

.96

.92

.88

.84

.80

.76

.72

1.00

.96

.92

.88

.84

.80

i_iIi!:
i : i i :

; 1!: i_ :_=71!!

" II_j.Lji J .... i [ "] I i ' I !

I : _ I I l i I _ l

l

! I I, I ! i L I I

} ] i = ; I I i i I [ i [ ; ,I ] J

1

_, deg

3 5 7 9 11 13 15

30

25

20

15

10

5

0

15

-10

30

25

20

15

10

5

0

-5

-10

;!i I I!
-!iTi: " '++.,.:_ _ _,.

,i}t i (}
l il_i_i:!i_ ! _}÷+ :L

_-_t :i T

_q :i:!Yq4i

i :'i ii'

1 3 5 7

; r I ! : _ t

;:,., fLI:L:

-4 + ; "" _! f-

1I-i[!2 _ ; *
_, f_

... i*_ii?:tl?i

9 11 13 15

NPR NPR

Figure 16. Effect of pitch vectoring on nozzle internal performance characteristics

X.s/Lf = 0.70, 0 = 0°, and 6defl = 0°.

with Ae/At = 1.8,

102



8vO, deg

0 0
[] 20

P/Ptj

1.0

.9

.8

.7

.6

.5

.4

.3

.2

.1

0

Upper flap, y/(wt / 2) = 0.0

i!l

i)

ili !li J]i

i _ :T I
j

0.528

Lower flap, y/(wt / 2) = 0.0

+4+"

+÷-*

[7 :

T,-t-

4 , t

1,11

-4._ !fi:!9_:1

 ;tri4
_A

]1 ]il]i __

i i _ I

k i-! l-l.i -'

f ]t-f ! i

0.528

P/Ptd

1.0

.9

.8

.7

.6

.5

Left sidewall

L: _ _!

ii: ,ii ii I:_'i_ _

.4 _, ...... \ !i'!i

.2'I, : :

I , [ _ ....

0 ' _: ': i'_'i tit
-.6 -.4 -.2 0 .2 .4 .6

x/Lf

0.528

Right sidewall

:, i:; _ii +,_!

i_ lli _ t i_i___ "-*

i , i _ i I I : t

i i{ _ bi----- 4 +t_t i},-

-.6 0 .2 .4 .6-.4 -.2

0.528

x/Lf

Figure 17. Effect of pitch vectoring on

0=0 °, and 6dell=0 °.

(a) Nominal NPR = 4.0.

internal static pressure distributions with Ae/At = 1.8, X_/Lf = 0.70,

103



i_,,p, deg

0 0
[] 20

p/p_

P/Ptj

1.0

.9

.8

Upper flap, y/(wt / 2) = 0.0
i i i ' -4 _ f.

. _.:-:i -rl i: _

::i]

+t ! i.._- -r_ !,i 0.528
• 5 i J i i J [ ! Ttt [ :

,! itil i li_: ::i
' i\ i
.3 d4;

.2 i!:!
_ili i!! _i

.1 !i_ . L tii,::i:! _]io ::! iii :

Left sidewall
1.0

"9 i _.8 i:i
.7 i: ]!:ii

li i
.6 ]!

.5

!ii ii _ ;i ii.3 :i

.1 :ii ii]':, :i;': :'i :

0 i;' ': : il ,,

-.6 -.4 -.2

0.528

0 .2 .4 .6

x/Lr

Lower flap, y](wt / 2) = 0.0

_'__ _ ;!iii_:ii_!_

"ti f::

i : _ : ! i

'I!

:i:_i: i:j : !:i

Right sidewall

!ii !] i
? tii'tlt :_

,, !]T

il _!:!1!!!..i_
:ii . : _?

10"[tt

i' !:_ !!i 'i ,::i =
-.6 -.4 -.2 0 .2 .4

x.n.,f

(b) Nominal NPR = 6.0.

Figure 17. Continued.

0.528

0.528

.6

104



8v,p,deg

O 0
I-1 20

P/Ptj

P/Pt,j

1.0

.9

.8

.7

.6

.5

.4

.3

.2

.1

0

1.0

.9

.8

.7

.6

.5

.4

.3

.2

.1

0

Upper flap, y/(wt / 2) = 0.0

Left sidewall

11

? ..... _

I t I "_

0.528

-.6 -.4 -.2 0 .2 .4 .6

x/Lf

0.528

Lower flap, y/(wt / 2) = 0.0

q_

0.528

Right sidewall

0.528

-.6 -.4 -.2 0 .2 .4 .6

x_4

(c) N()minal NPR = 10.0.

Figure 17. Conchldcd.

105



1.00

.96

.92

F/F_ .88

.84

.80

.76

1.00

j-

.96 x-

.92 :

FgF_ .SS

.84

2
.80

.76 -1--

1.00 ___

.96

.92

.88

.84

.80:1:
_+_

-4--

.76 -!-
-4--

.72 ......

-!
_--

b i- ::i:!:¸

_-_ ---4-- -+ ÷-

30

25

20

_' -_ ...........5p deg

..... !! ; -r tr
: L__ ' ---4.........._-i- 0

- _-i _ _ _7- -5
.... ]
-+- _ ; .... -10
...... _._ ._,....... _.... :_!::

-_- t-fi f- - t.... ti- 30

_i : !: 15

-! '! !_ deg 10

: !\ it

..... T -10

3 5 7 9 11 13 15

_v,p, deg

0 0

[] 20

:/t:< i!i
-!

!-t- _ i

I

.......... + ........ +-,_+

4- i r P
+-

'-- x

' i!>
-+

' -r ...._ i} !

NPR NPR

Figure 18. Effect of pitch vectoring on yaw-vectoring performance with A_/At = 1.8, Xs/Lf = 0.70, short
deflectors, 6deft = 45 °, and 0 = 0°.

106



F/F i

Fr/Fi

w_wi

1.00

.96

.92

.88

.84

.80

.76

.72

.96 +!_ :

i
.88 1"4+it

+4 _!+!!
+o_i,i:i!:
.76 !tli ! !ti

!il
.72 +'_ ;::i_i:

1.00 i_

+_._+__, . _-+

.96

.92 :iS t_
J,_XiY,+

88 i!
• i_! ++

ti _ +,
.84 if', ++

.80 _i ++

I 3 5

zi!ii:+ _+++:+++:+++

!4+4

m+; !qi_+! +:i+.+-i+

tii++++++i _f77::i_T
:;<: i ii i:i:+

15dell,deg 0, deg

O

[]
0 0

45 0

45 25

2'H!i
2o_

o ::+_:i
-5 1 ;

J_

-10 _ _t

,7+-P! .+.+<.,ST +

4 + +

]_ S 7 7 ; +-4-

_:H++ -+_+_+_+d-+++..+ ++

+ ++

+-----,---i +- + +- -+ + +

++-++--!ftf- t+r
-+-- + i +-+ + ++*+
4--,_-i + ++_ ++ +

++-+ + + + +._. __+ _

.. + '_-+-+:+-S:
'r i : _

+4-t--l-,+_+ i 3-4
+++l÷++i_++

<_H+_-7:l+-7:+

t
_.+-

+

-+._

I

+

+

--_-

!

-p

1-

+-

1
+ ,

_L_

-+-.4
i I

_%__ ,

3 15

NPR NPR

Figure 19. Effect, of yaw vectoring on pit.ch-vectoring performance with A,./At = 1.8, 6v,s>=
and short deflectors.

20°, X.+/Lf = 0.70,

107







REPORT DOCUMENTATION PAGE
Form Approved

OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average i hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, t215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY(Leave blank) 2. REPORT DATE

September 1993

4. TITLE AND SUBTITLE

Effects of Internal Yaw-Vectoring Devices on the Static

Performance of a Pitch-Vectoring Nonaxisymnletric

Convergent-Divergent Nozzle

6. AUTHOR(S)

Scott C. Asbury

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

NASA Langley Research Center

Hampton, VA 23681-0001

g. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

National Aeronautics and Space Administration

Washington, DC 20546-0001

3. REPORT TYPE AND DATES COVERED

Technical Paper

5. FUNDING NUMBERS

WU 505-68-70-06

8. PERFORMING ORGANIZATION

REPORT NUMBER

L-17229

10. SPONSORING/MONITORING

AGENCY REPORT NUMBER

NASA TP-3369

11, SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT

Unclassified Unlimited

Subject Category 02

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

An investigation was conducted in the static test facility of the Langley 16-Foot Transonic "l_lnilel to evaluate
the internal performance of a nonaxisymmetric convergent-divergent nozzle designed to have simultaneous

pitch and yaw thrust-vectoring capability. This concept utilized divergent flap deflection for thrust vectoring

in the pitch plane and flow-turning deflectors installed within the divergent flaps for yaw thrust vectoring.
Modifications consisting of reducing the sidewall length and deflecting the sidewall outboard were investigated

as means to increase yaw-vectoring performance. This investigation studied the effects of multiaxis (pitch

and yaw) thrust vectoring on nozzle internal performance characteristics. All tests were conducted with no
external flow, and nozzle pressure ratio was varied from 2.0 to approximately 13.0. The results indicate that

this nozzle concept can successfully generate multiaxis thrust vectoring. Deflection of the divergent flaps

produced resultant pitch vector angles that, although dependent on nozzle pressure ratio, were nearly equal to
the geometric pitch vector angle. Losses in resultant thrust due to pitch vectoring were small or negligible. The

yaw deflectors produced resultant yaw vector angles up to 21° that were controllable by varying yaw deflector

rotation. However, yaw deflector rotation resulted in significant losses in thrust ratios and, in some cases,
nozzle discharge coefficient. Either of the sidewall modifications generally reduced these losses and increased

maximum resultant yaw vector angle. During multiaxis (simultaneous pitch and yaw) thrust, vectoring, little

or no cross coupling between the thrust-vectoring processes was observed.

14. SUBJECT TERMS

Multiaxis thrust vectoring; Multifunction nozzles Nonaxisymmetrie nozzles;

Nozzles; Thrust vectoring

17. SECURITY CLASSIFICATION

OF REPORT

Unclassified

_ISN 7540-01-280-5500

18. SECURITY CLASSIFICATION

OF THIS PAGE

Unclassified

lg. SECURITY CLASSIFICATION

OF ABSTRACT

15. NUMBER OF PAGES

108

16. PRICE CODE

A06
20. LIMITATION

OF ABSTRACT

Standard Form 298(Rev. 2-89)
Prescribed by ANSI Std Z39-18
298-102



:____=_L!; - ; _,
'<,";-:- :--_<:-:_i__ Aeronautics and

> :--_[_}_ Administration

-:)' at-,":',,_.Wa"_' ogton, D.C.

..!..,..: L (_icia) SUreness -

° _" " - .._ Pen_,tt_ for.Ptiyate Use, $300

_,. .,_, \ _,.. A_,{ •

• _.= -

i

": ;;x__5 _ i,,> f.<.

-;c-._..-_ - . ._ -_- ,

_ _._, _ _ •

"g - . J

POSTMASTER:

BULK RATE

POSTAGE & FEES PAID

NASA

Permit No G-27

If Undeliverable (Section 158

Postal Manual) Do Not Return




